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FOREWORD 


This volume contains the 193 tentative specifications, methods 


of test, definitions of terms and recommended practices in effect at 


the time of its publication. The term “tentative” applies to a pro- 
posed standard published for one or more years with a view of eliciting 
criticism before it is formally adopted as standard by the Society. 
The Tentative Standards submitted or revised in any given year 
appear in the Proceedings for that year. In addition, all Tentative 
Standards in effect in any given year are published collectively in a 
Book of A.S.T.M. Tentative Standards which is issued each year 
about October 1, the present volume containing those in effect as of 
August 28, 1925, the date of canvassing the letter ballot on the adop- 
tion of standards authorized at the 1925 annual meeting. 


Containing all the Tentative Standards, the Book of Tentative 
Standards should prove most convenient for reference purposes. 
The specifications and methods of test, although still in the trial 
stage of the A.S.T.M. procedure, represent the latest thought of the 
committees on the subjects covered and therefore are finding impor- 
tant applications in the various industries. Since the tentative 
standards may frequently be used in conjunction with A.S.T.M. 
standards, the volume is complementary to the volumes containing 
the standards, namely, the Book of A.S.T.M. Standards with its 
supplements. 


Under the title of each tentative standard there is printed a note 
emphasizing its tentative status and the possibility of annual 
revision, and soliciting criticism and suggestions. 


CLAP 


1 aces Sih eedrenyegeme se 


ae 


ete fet fs feel it ORS fh i 


*: 
| PLT) Selb tal onal oonuRaes 9 Eeereaas ual 
Nr i Pest ON ba GoNhS igeea ame th TS fate ity De s 
n a at | : } nN x if hal & by rs A 
Pay prahd Saber lew Ms, oe hE D Phe 
Ly Ak Mme 
Cay oe BOE IRL, CEP a yt Dee 
Wy i ; f oa) : 
‘ deg Hechter ee Datetie CP Brtien 
q / 
x 
\ \ 
; 
\ 
’ 
¥ . ‘ A RL gk ae ite gl é KPIS oy SUE Te 
Phi rhege Phat a piel Bee t AB Das Lae Ae Oe se Te, * 
rPOCT TLE TAEARTE RR Pha, SETA eT he 4) PERT Sy wither] 
= ha i i Peg et [| ve vine Whee te i 
ET Perey. MES Ee SORES iP AYE AONS aS erga 5.) 
pi Wo Bg ae eb ercae ass He CER Seb LA 
ey i fpeme ee ae FA Wee ay are, Al cad ee ; Tees , 
f | £ Bist if ~ a> pti ieee pee pict ele ry ee 
Ty ~ mir Rey POTS, DAR Ga Xx ASTER al aes ha | 
” rae i} *, we 
4 c Pi \ eet ) Ra Ae see it wat as 
: Y. Le is aa / rn | i 4 yh P al te | 
bar att si eiebpate: Re A 3 Ti amet 
* : . ¢ t \ 4 { { sy Nil 
\ ‘ ai ry ‘ i Fig\® Ad t # eT beat a) : i * 
Short # PSPUTp eh ras ye at heat 


ey 


to eetindiagd: alte ia eee ag 


1. 


‘J 


a ah | PerOijesBaue Dre wien 313% 


, 
i 
( 
} sk a 
‘ 
mS 
mL 2 ye 
i Pa J 
»| ix 
7 ‘4 
4 
, mit 
f \ iF 
, ; ff OF cacy 
A ¢ 4 e 
f y Ay “ : 


COON EN TS 


The term ‘Tentative Standard”’ is applied to a proposed Standard which is 
printed in the Proceedings and Book of A.S.T.M. Tentative Standards for one or more 
years with a view of eliciting criticism, of which the committee concerned will take 
due cognizance before recommending final action towards the adoption of such 
Tentative Standard by formal action of the Society. 

In the serial designations prefixed to the following titles, the initial letter 
indicative of the general classification and the first number are permanent, and are 
retained when a Tentative Standard is adopted as Standard. The final number 
indicates the year of original issue, or in the case of revision, the year of last revision. 
The letter ‘‘T’’ is appended to the designation of all Tentative Standards. Thus, 
the tentative standards which were originated or revised in 1925 are designated by 
the final number 25. The serial designations of Tentative Standards which have 
for any reason not been adopted as standard and have been discontinued, are per- 
manently dropped. 
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TENTATIVE SPECIFICATIONS 
FOR 
STEEL TIE PLATES.! 


Serial Designation: A 67-20 T. 


This is a Tentative Standard only, published for the purpose of eliciting 
criticism and suggestions. It is not a Standard of the Society and until its 
adoption as Standard it is subject to revision. 


IssuED, 1916;° REVISED, 1917, 1918, 1920. 


1. These specifications cover two grades of steel tie plates, Mate 
namely: soft and medium. The soft grade will be used unless “°Y°"** 
otherwise specified. 


I. MANUFACTURE. 


2. The steel shall be made by either or both the following Process. 
processes: Bessemer or open-hearth. 


II. CHEMICAL PROPERTIES AND TESTS. 


3. The steel shall conform to the following requirements Chemical 
é vs Composition. 
as to chemical composition: 


BESSEMER. | SorT GRADE. MEDIUM GRADE. 
Carbon percent, gerne) . not under 0.06 not under 0.12 
Phosphorus, per cent...... not over 0.10 not over 0.10 


OPpEeN-HEARTH. 
Garhon. per cemt. whica eles « not under 0.12 not under 0.20 
Phosphorus, per cent...... not over 0.06 not over 0.06 


4. (a) A carbon determination shall be made of each melt Ladle Analyses. 
of bessemer steel, and two analyses every 24 hours representing 
the average of the elements carbon, manganese,| phosphorus 
and sulfur contained in the steel, one for each 12-hour period 
respectively. ‘These analyses shall be made from drillings taken 
at least } in. beneath the surface of a test ingot obtained dur- 
ing the pouring of the melts. The chemical composition thus 


1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. 
G. H. Woodroffe, Secretary of Committee A-1 on Steel, Reading Iron Co., Reading, Pa. 


(15) - 


Check Analyses. 


Bend Tests. 


Test Specimens. 


Optional Bend 
Tests. 
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determined shall be reported to the purchaser or his represen- 
tative, and shall conform to the requirements specified in 
Section 3. 

(6) An analysis of each melt of open-hearth steel shall 
be made by the manufacturer to determine the percentages of 
carbon, manganese, phosphorus and sulfur. This analysis 
shall be made from drillings taken at least $ in. beneath the 
surface of a test ingot obtained during the pouring of the melt. 
The chemical composition thus determined shall be reported 
to the purchaser or his representative, and shall conform to the 
requirements specified in Section 3. 

5. An analysis may be made by the purchaser from a 
finished tie plate representing each melt of open-hearth steel, 
and each melt or lot of 10 tons of Bessemer steel. The carbon 
content thus determined shall not be less than that specified in 
Section 3, and the phosphorus content shall not exceed that 
specified in Section 3 by more than 25 per cent. 


III. PHYSICAL PROPERTIES AND TESTS. 


6. The bend test specimens specified in Section 7 shall 
bend cold through 180 deg. around a pin the diameter of which 
is equal to the thickness of the specimen for the soft grade, 
and to twice the thickness of the specimen for the medium 
grade, without cracking on the outside of the bent portion. 

7. Bend test specimens shall be taken from the finished 
tie plates, or from the rolled bars; and longitudinally with the 
rolling. They shall be rectangular in section, not less than $ in. 
in width between the planed sides, and shall have two parallel 
faces as rolled. They shall be free from ribs or projections. 
Where the design of the tie plates is such that the specimen 
cannot be taken between the ribs or projections, these ribs or 
projections shall, in preparing the specimen, be planed off even 
with the main surface of the tie plate. 

8. If preferred by the manufacturer and approved by the 
purchaser, the following bend test may be substituted for that 
described in Section 6: 

A piece of the rolled bar shall bend cold through 90 deg. 
around a pin the diameter of which is equal to the thickness 
of the section where bent for the soft grade, and to twice the 
thickness of the section where bent for the medium grade, with- 
out cracking on the outside of the bent portion. 
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9. (a) One bend test shall be made from each melt of open- Number of Tests. 
hearth steel, or from each melt or lot of 10 tons of bessemer 
steel. 
(0) If any test specimen shows defective machining or 
develops flaws, it may be discarded and another specimen 
substituted. 


IV. WORKMANSHIP AND FINISH. 


10. The tie plates shall be smoothly rolled, true to template, Workmanship. 
and shall be straight and out of wind on the surface which will 
form the bearing for the rail. They shall conform to the dimen- 
sions specified by the purchaser, with the following permissible 
variations: 

(a) For plates with shoulders parallel to the direction of 
rolling, a variation of 35 in. in thickness, ¢ in. in rolled width, 
and 3% in. in sheared length will be permitted. 

(6) For plates with shoulders perpendicular to the direction 
of rolling, a variation of 3; in. in thickness, 3% in. in rolled width, 
and + in. in sheared length will be permitted. The distance 
from the face of shoulder to the outside end of plate shall not 
vary more than } in., and from the face of shoulder to the 
inside end not more than 4 in. 

11. The finished tie plates shall be free from burrs and other Finish. 
surface deformations caused by the shearing and punching; 
they shall also be free from other injurious defects and shall 
have a workmanlike finish. 


V. MARKING. 


12. The name or brand of the manufacturer, the section and Marking. 
the year of manufacture shall be rolled in raised letters and 
figures on the outside of the shoulder of the plates, and a portion 
of this marking shall appear on each finished tie plate. 


VI. INSPECTION AND REJECTION. 


13. The inspector representing the purchaser shall have inspection. 
free entry, at all times while work on the contract of the pur- 
chaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the tie plates ordered. 
The manufacturer shall afford the inspector, free of cost, all 
reasonable facilities to satisfy him that the tie plates are being 
furnished in accordance with these specifications. All tests 
(except check analyses) and inspection shall be made at the 


Rejection. 


Rehearing. 
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place of manufacture prior to shipment, unless otherwise speci- 
fied, and shall be so conducted as not to interfere pes 
with the operation of the works. 

14. (a) Unless otherwise specified, any rejection based on 
tests made in accordance with Section 5 shall be reported within 
five working days from the receipt of samples. 

(b) Tie plates which show injurious defects subsequent to 
their acceptance at the manufacturer’s works will be rejected, 
and the manufacturer shall be notified. 

15. Samples tested in accordance with Section 5, which 
represent rejected tie plates, shall be preserved for two weeks 
from the date of the test report. In case of dissatisfaction with 
the results of the tests, the manufacturer may make claim for 
a rehearing within that time. 


TENTATIVE SPECIFICATIONS 
FOR 
CARBON TOOL STEEL! 


Serial Designation: A 71-24 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. Itis not a Standars of the Society and is subject to annual revision. 


ISSUED, 1917; REVISED, 1920, 1921, 1924 


1. (a) These specifications cover carbon tool steels, the compo- Material 
sition of which shall be as agreed upon by the purchaser and vendor, ©°’°"** 
with the permissible variations specified in Section 4. 

(b) These steels are suitable for lathe and planer tools, drills and 
milling cutters, dies and other miscellaneous purposes, etc. 


I. MANUFACTURE 

2. The steel shall be made either by the crucible or electric Process. 
furnace process. 

3. The material shall be furnished unannealed unless otherwise Annealing. 
specified. 

JI. CHEMICAL PROPERTIES AND TESTS 

4. The composition of the tool steels shall be as agreed upon by Chemical 

the purchaser and vendor with the following permissible variations in C°™Position. 


composition: 
PERMISSIBLE VARIATION, PER CENT 


OVER UNDER 
CEES RRA LOR cn atone ar ey Ui A 0.05 0.05 
pees pa UTideme OOo. cebu ieae ps tok 0.10 0.10 
when: Overt PMO). .i.5. 85.2 tase ese} 0.20 0.20 
Be prOIBOLUISS aR ee it Gase AAW 9s ate ting drt aces 0.005 
ATER ag ania eRe 9 On Npabs Cita STS Se ae ean a nea 0.005 
Siete atte tebe ee tern’) duet och dives bee Owl 5 0.15 


Other elements as agreed. 


5. (a) Milled samples for analysis shall be taken from the sample Method of 
bar to represent the full cross-section, or drillings shall be taken by °*™?0"® 
drilling a bar midway between the center and the surface, parallel to 
the axis of the bar. In either case the decarburized material shall be 
rejected. 


1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. G. H. 
Woodroffe, Secretary of Committee A-1 on Steel, Reading Iron Co., Reading, Pa. 


(19) 
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(b) In general, the minimum depth to which the surface shall be 
removed before a sample is taken shall be in accordance with the 
following requirements: 


THICKNESS OR DIAMETER, IN. MATERIAL REMOVED, IN. 
1, on Under. vin cir eee ieee an ae hn he ds 
Over. 1 to'2e Anclusives, out lc a ceed Wee ss Cen ne vs 
Over 27 to: 4)inclvsive: WM Noo Oly oh a t 
Larger siees get Vrne Fhe Ce ee Oe te ss os Se As agreed 


(c) In the case of drill rod and other material of similar finis 
where freedom from decarburization is specified, samples shall be taken 
from the surface in addition to the methods described in Pargraph (a). 
Standard 6. In case of dispute, the chemical analysis shall be made in 
Methods of » -cordance with the Standard Methods of Chemical Analysis of Plain 


Analysis. n q ; MY f : 
Carbon Steel (Serial Designation: A 33) of the American Society for 
Testing Materials.! 

III. MANUFACTURING TOLERANCES IN DIMENSIONS ~ 
7. Variations in the cross-sectional dimensions of the material 
shall not exceed the following amounts: 
FoRGED AND ROLLED MATERIAL 
PERMISSIBLE VARIATION, IN. 
OVER UNDER 
Ran, GL UGer ces as Cre net ee ere 0.010 (45) 0.010 (;4,) 
Over 4 in. to 1 in., inclusive.......... 0.015 (¢& 0.015 (¢2) 
Over 1 in. to 14 in., inclusive........ . 0.031 (#5) 0.031 (#s) 
Over 14 in. to 2 in., inclusive......... 0.046 (¢:) 0.031 (#5) 
Over 2'in? to, 4 in., inclusive...3... 0.2 02125 (4) 0.031 (Ps) 
Over 4 in. to 6 in., inclusive.......... 0.156 (35) 0.031 (5) 
Over 6 in. to 8 in., inclusive.......... 0.188 (35) 0.063 (5) 
Overs in RARE Ea Poa ae 0.250 (3) 0.063 (5) 
FINISHED MATERIAL (DRILL Rop) 
eS ANC UPS ea nce arcane amen a 0.0005 0.0005 
WGP re 10 GR Be oS CSE a ce ein Be 0.001 0.001 
IV. FINISH 
Finish. 8. (a) The material shall be free from injurious defects and shall 


have a workmanlike finish. 
(b) All drill rods shall be coated with a rust preventive. 


V. MARKING 
Marking. 9. (a) Identification marks shall be stamped on the material as 
agreed by the vendor and the purchaser. All identification marks 
shall be about { in. in height when the size permits. 


11924 Book of A.S.T.M. Standards. 
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(b) In lieu of marking as specified in Paragraph (a), the ends of 
bars and rods may be painted as agreed by the vendor and the pur- 
chaser. 

10. All rods and bars of which the largest cross-sectional dimen- 
sion is 2 in. or less shall be boxed or bundled, each box or bundle to 
contain bars or rods of the same size, shape and class of material. A 
metal tag shall be securely attached to the wrapping wire or box. 
Rods and bars of cross-sectional dimensions exceeding 2 in. and not 
exceeding 1} in., where convenient to vendor and purchaser, may be 
bundled and marked as specified above. Bundles shall be of suitable 
size to permit easy handling and shall be securely fastened. 


VI. INSPECTION AND REJECTION 


11. The vendor shall afford the inspector, without charge, all 
reasonable facilities to satisfy him that the material is being furnished 
in accordance with these specifications. 

12. The steel shall correspond in quality and characteristics to 
the samples submitted under the specifications and approved by the 
purchaser. 

13. Material which does not conform to the chemical composition 
and specified dimensional variations, or which at any time shows 
injurious defects inherent in the steel, will be rejected and the vendor 

hall be notified. 


APPENDIX 


TENTATIVE RECOMMENDED PRACTICE IN THE HEAT TREATMENT OF 
PLAIN CARBON TOOL STEEL! 


General.—This specification covers the process to be followed in the heat 
treating of plain carbon tool steel. 
Part I.—NoRMALIZING OF TOOL STEEL BEFORE HARDENING 


Process.—Operations: 
Heating. 
Cooling. 


Heating: Place steel into furnace so as to expose maximum surface area. 


Heat uniformly to a temperature above the upper critical point indicated in 
Table I, and hold at this temperature for sufficient time to obtain complete 
penetration of heat and refinement of grain. 

Cooling: Remove from furnace and cool freely in air. 


1 This is a tentative Recommended Practice approved by the Standards Committee of the American 
Society for Steel Treating and is published by permission of that Society. 


Bundling 
Small Sizes. 


Inspection. 


Comparison 
with 
Selective 
Sample. 


Rejection. 
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TABLE I.—NORMALIZING 


CARBON RANGE, NORMALIZING TEMPERATURE 
PER CENT DEG. FAHR. DEG. CENT. 
O.G5 0. BOs wos ae mae eee Per earamcetaritis wines 1475 — 1525 800 — 830 
OBO 095270 Far re Sched a was acy Pari har a 1475 — 1500 800 — 815 
O93 = TAO cr eee Cena ene. PA. rad, © 1500 — 1575 815 — 860 
Ll Oy 2ote say eee SU eae. ana 1575 — 1650 860 — 900 


Cross SECTIONS, WEIGHT AND TIME 


WEIGHT OF APPROXI- APPROXI- 

THICKNESS OF UNIT, MATE TIME MATE TIME 

LARGEST SECTION LB. OF HEATING, OF SOAKING, 
OF UNIT (APPROXIMATE) HR. HR. 
Up to and including 1 in. Up tot food sense ts tet coe 3 4 
Over 1 in. and including 2in. Over 100 and including 300.... 1% 4 
Over 2 in. and including 3in. Over 300 and including 500.... 12 r 


Over 3 in. and including 4in. Over 500 and including 1000... 2} 
Over 4 in. and including 5 in. Over 1000 and including 1500.. 22 - 
Over 5 in. and including 8in. Over 1500 and including 2000.. 3} 1} 


Part IJ.—HeEaAt TREATING OF PLAIN CARBON TOOL STEEL 


Process.—O perations: 
Heating for quenching. 
Quenching. 

Tempering or drawing. 


Heating: Heat the steel uniformly to the temperature indicated in Table II. 
Quenching: Quench from this temperature in water, but do not cool below 
temperature of boiling water (212° F.). 


TABLE IJ.—HEAT TREATING. 


CARBON RANGE, HARDENING TEMPERATURE, QUENCHING MEDIUM AND 
PER CENT DEG. FAHR, _ Its TEMPERATURE 

OL Go OT GO ert tamed eres 1550 — 1450 Water at 70° F. 

O08 Lie O09S 0. 120s as, oneennie al 1460 — 1410 Water at 70° F. 

OOO TPO seat. Sia Mery BEES, 1390 — 1430 Water at 70° F. 

Lig) Daead O25 Palin ie acess ales 1380 — 1420 Water at 70° F. 


Tempering or Drawing: Reheat immediately in oil or salt (NaNOs3) of 
furnace for the time and at the temperature specified in Table III and cool. 


TABLE III.—TEMPERING ON DRAWING TOOL STEEL 


TEMPERING ‘TEMPERATURE, 


RESULTS DESIRED MEDIUM DEG. FAHR. 
Relieving Strains... OMe na) kar acer Oil 350 to 375 
Strain Relieving and|Reduction of Brittleness.. Oil 400 to 500 


To Relieve Strainsand Toughen.............. Oil 500 to 600 
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Notes ABOUT THE PROCESS 


1. General.—The recommended practice for the heat treatment of tool 
steel applies to highest quality performance of tools for general purposes only. 
For specific applications where special structural requirements seem to be 
necessary, deviation from the recommended practice must be left to the judg- 
ment of the individual heat treater or metallurgist. 

2. Normalizing.—A normalizing treatment for all tool steels is recommended 
to obtain a uniform and refined grain structure, which enables the operator to 
predict the behavior and performance of the steel tool during heating and 
quenching for hardening. 


Temperature, deg. Cent. 


Carbon, percent. 


Fic. 1.—Critical Range Diagram for Iron-Carbon Alloys, showing Normalizing, 
Annealing and Hardening Ranges. 


The variation in temperature for the different carbon ranges becomes 
evident upon a careful examination of the critical range diagram. A tempera- 
ture very much in excess of that required to produce solid solution (austentite) 
is conducive of austenitic grain growth and intergranular weakness. 

A low normalizing temperature for high-carbon steels (1.25 to 1.50 per cent 
carbon) which fails to break up the massive cementite results in a brittle struc- 
ture, since the rate of diffusion of the excess cementite depends upon the tem- 
perature. The solubility of carbide in iron being greater, or increases as the 
temperature rises, the rate of this solubility is equivalent to the slope of the 
Acm. line in the diagram. 

The higher normalizing temperatures given in Table I apply to the lower 
carbon ranges and the lower temperature to the higher carbon ranges for steel 
of the hypo-eutectoid composition, or, in other words, “‘the normalizing temper- 
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atures for hypo-eutectoid steels varies indirectly as the carbon percentage rises 
or falls, and the normalizing temperature of hyper-eutectoid steels varies directly © 
with the percentage of carbon.” 

3. Heating for Quenching.—(a) ‘The wide range of temperature in the 0.65 
to 0.80 per cent carbon steel is needed, as a number of tools such as shear blades, 
arbors, mandrels, and others are all around the low point, and, because of mass 
and forms, require somewhat higher temperatures for quenching. 

(b) The quenching temperatures given are at the lowest temperature range 
consistent with highest quality tools; deviations from it are not recommended, 
but may be practical for diverse reasons. 

. Quenching.—Water is the universal quenching medium, and by varying its 
temperature and manner of application for the abstraction of heat, almost any 
degree of variation of structural conditions of the tool steel can bé obtained. 
There are, however, special cases where oil may be a more suitable quenching 
medium. 


CARBON STEELS SUITABLE FOR VARIOUS USES 


Carbon Content 0.65 to 0.85 Per Cent.—Shear blades, boiler snaps and cups, 
hammers, stamping and pressing dies, mining drills. 

Carbon Content 0.81 to 0.95 Per Geni —Hot and cold sets, chisels, dies, shear 
blades, mining drills, smiths’ tools, set hammers, swages, flatkonere, 

Carbon Content 0.96 to 1.10 Pe. Cont Sraall cold chisels, hot sets, small 
shear blades, large pinchers, large taps, granite drills, trimming dies, turning 
tools, planer tools, drills, cutters, slotting and milling tools, mill picks, circular 
cutters, small shear blades, threading dies. 

Carbon Content 1.11 to 1.25 Per Cent.—Small cutters, small taps, drills, 
slotting and planing tools, wood-cutting tools, turning tools, razors, etc. 


SUITABLE TEMPERING HEATS FOR VARIOUS TOOLS 


Temperatures, 350 to 390° F.—Lathe tools for brass and copper alloys. 
Milling cutters for brass and copper alloys. Scraper and cutting tools for soft 
metals and micarta. Drawing mandrels, drawing dies, bone-cutting tools, 
hammer-faces, steel engraving tools, wood-carving tools, cutting tools for iron 
and steel, hand tools, threading dies for brass. 

Temperature, 400 to 500° F.—Hand taps and dies, hand reamers, drills, 
bits, cutting dies, penknives, milling cutters, chasers, inserted sawteeth, press 
dies for sheet steel, rock drills, taps and dies, wire-drawing dies, dental and 
surgical instruments, twist drills. 

Temperature, 500 to 600° F.—Bending and forming dies, shear blades, chuck 
jaws, forging dies, drifts, gages, press-dies, flat drills, reamers, chisels and tools 
for wood-cutting, hammers and drop dies, axes, lathe tools for copper augers, cold 
chisels, coppersmith tools, grinders, screw drivers, molding and planing tools, 
hacksaws, needles, butcher knives, saws and tools. 


TENTATIVE SPECIFICATIONS 
FOR 
HIGH-SPEED TOOL STEEL! 


Serial Designation: A 92-24 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to annual revision. 


ISSUED, 1924 


1. (a) These specifications cover high-speed tool steels, the Material 
composition of which shall be as agreed upon by the purchaser and ©°vere4- 
vendor, with the permissible variations specified in Section 4. 

(b) These tool steels are suitable for lathe and planer tools, milling 
cutters, drills, etc. : 


I. MANUFACTURE 


2. The tool steel shall be made either by the crucible or electric Process. 
furnace process. 

3. The steel shall be furnished annealed unless otherwise specified. Annealing 
The microstructure, Brinell hardness and fracture tests shall be as ae. ripen 
agreed upon between the vendor and the purchaser. . 


II. CHEMICAL PROPERTIES AND TESTS 


4. The composition of the tool steels shall be as agreed upon by Chemical 
the purchaser and vendor with the following permissible variations Co™Position 
in composition: 

PERMISSIBLE VARIATIONS, PER CENT 


OVER UNDER 

OEE ME eS neh MRLs ed en tera. sh age fee Ply sibar 0.05 0.05 
UES SCN aol adi BP deg Ap E98 8, Ss AeA ke ER ich a ao O515 0.15 
PDE ORAS hier Hi) a lalbta sm dg iMinheds & ida HGeetid sek ah 0.01 

TE CS a 7 ps A A Rod ce lhe a CG RE 0.01 Dee 
SURES Sasi |p 1 EIR URAL, Se aH RG eda a NN 0.15 0.15 
MECOTI UIT hs) yet ci vie Se ke Vip Wie ee a eh a ea DE 0.50 0.50 
a eUIReECMEANETY Meee ci k Ly tay «VPM hd KAT RE he et £5 cant 1p Sile Oe 0.25 0.25 
UE HRESTS TDN ant Le ga ieee Rta SN, AO an ga on ee 0.75 0.75 
Ce SOILS che ahi bare Aid AO iain. 5 "aii ahaa arnt ean Nar 0.50 0.50 


Other elements as agreed. 


1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. G. H. 
Woodroffe, Secretary of Committee A-1 on Steel, Reading Iron Co., Reading, Pa. 
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Method of 
Sampling. 


5. (a) Milled samples for analysis shall be taken from the sample 
bar to represent the full cross-section, or drillings shall be taken by 
drilling a bar midway between the center and the surface, parallel to 
the axis of the bar. In either case the decarburized material shall be 
rejected. 

(b) In general, the minimum depth to which the surface shall be 
removed before a sample is taken shall be in accordance with the 
; following requirements: 


THICKNESS OR DIAMETER, IN. MATERIAL REMOVED, IN. 


1-OF | UTTER Ss artnet ino Oe once ge eo oe. Vn 7 
rota : 

Over Woes) aircltusiveniy 0S Habana, ey te 2 Sa ds 

Over ‘2e%to' 4, “inclusive: SiN ea eS 


Largemsizest.. hte le ti. edi M oh eee ko ee en As agreed 


(c) In the case of drill rod and other material of similar finish 
where freedom from decarburization is specified, samples shall be 
taken from the surface in addition to the methods described in Para- 
graph (a). 

Standard 6. In case of dispute, the chemical analysis ‘shall be made in 

ae ticie, of accordance with the Standard Methods of Chemical Analysis of Alloy 
Steels (Serial Designation: A 55) of the American Society for Testing 
Materials.! 


Ill. MANUFACTURING TOLERANCES IN DIMENSIONS 
7. Variations in cross-sectional dimensions of the material shall 


Manufac- 
date not exceed the following amounts: 
olerances y 
in ; FoRGED AND ROLLED MATERIAL 
Dimensions. PERMISSIBLE VARIATIONS, IN. 
OVER UNDER 
gill. Orundertin, at fl ole Pe ils 0.010 (+45) 0.010 (+45) 
Over} in.:to 1 in,, inclusive. 2. % . A. .015 (4% 0.015 (¢z) 
Over 1 in. to 14 in., inclusive......... .031 (#5) 0.031 (sy) 
Over 1# in’ to 2 in., inclusives> 2... - .046 (:) 0.031 (ds) 
Wyerrz 10.) tore im. 1ncliustven. eo... .125 (4) 0.031 (#5) 
Over/4"in. €o°6: in.,; Inclusive -...0 9 0: .156 (35) 0.031 (ss) 
Over 6 in. to 8 in., inclusive....... .188 (45) 0.063 (75) 
COVED OG chat sainis ela Ngee .250 (4) 0.063 (5) 
FINISHED MATERIAL (DRILL Rop) 
tei. aod tmdem. ai. Gena ees 0.0005 0.0005 
Oyen ae Lite GEM See he aie Dok 0.001 0.001 
EV.” “FINISH: 
Finish. 8. (a) The material shall be free from injurious defects and shall 


have a workmanlike finish. 
(6) All drill rods shall be coated with a rust preventive. 


11924 Book of A.S.T.M. Standards. 
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V. MARKING 


9. (a) Identification marks shall be stamped on the material as 
agreed by the vendor and the purchaser. All identification marks 
shall be about { in. in height when the size permits. 

(b) In lieu of marking as specified in Paragraph (a), the ends of 
the bars and rods may be painted as agreed by the vendor and the 
purchaser. 

10. All rods and bars of which the largest cross-sectional dimen- 
sion is 2 in. or less shall be boxed or bundled, each box or bundle to 
contain bars or rods of the same size, shape and class of material. A 
metal tag shall be securely attached to the wrapping wire or box. 
Rods and bars of cross-sectional dimensions exceeding 3 in. and not 
exceeding 15 in., where convenient to vendor and purchaser, may be 
bundled and marked as specified above. Bundles shall be of suitable 
size to permit easy handling and shall be securely fastened. 


VI. INSPECTION AND REJECTION 


11. The vendor shall afford the inspector, without charge, all 
reasonable facilities to satisfy him that the material is being furnished 
in accordance with these specifications. 

12. The steel shall correspond in quality and characteristics to 
the samples submitted under the specifications and approved by the 
purchaser. 

13. Material which does not conform to the chemical composition 
and specified dimensional variations, or which at any time shows 
injurious defects inherent in the steel, will be rejected and the vendor 
shall be notified. 


APPENDIX 


TENTATIVE RECOMMENDED PRACTICE IN THE HEAT TREATMENT 
OF 18-PER-CENT TUNGSTEN HIGH-SPEED STEEL! 


General.—This specification covers the process to be followed in heat treat- 
ing high-speed steel. 
Process.—O per ations: 
1. Heating for annealing. 
2. Cooling. 
3. Heating for hardening—(a) Preheating—(b) Heating for quenching. 
4. Quenching. 
5. Drawing for secondary hardness. 


1 This is a tentative Recommended Practice approved by the Standards Committee of the American 
Society for Steel Treating and is published by permission of that Society. 
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1. Heating for Annealing.—Heat slowly and uniformly to a temperature of 
1600° F.' (871° C.) and hold for complete refinement. 

2. Cooling.—Cool in furnace, infusorial earth, mica; lime or any medium, 
that will permit of uniform slow cooling. 

3. Heating for Hardening—(a) Preheating—Heat slowly and uniformly 
to 1500° F. (816° C.) in a furnace of sufficient size. 

(6b) Heating for Quenching—Transfer preheated steel to a high-temperature 
furnace that is maintained at a temperature of 2250° F. to 2400° F. (1232 to 
1315° C.), depending on the type of tools being hardened. 

In order to obtain the most satisfactory ‘‘red hardness” conditions, the 
steel should be brought rapidly to the higher temperature; but in many cases the 
character of the cutting edges of certain form tools, such as mulling cutters, 
threading tools, etc., makes it inadvisable to use the higher temperatures owing 
to destruction of the delicate edges through blistering, pitting, etc. It is, there- 
fore, usual to use the higher temperatures for tools such as rough lathe tools, 
while the finer class of tools is hardened at the lower temperatures. 

High-speed steel tools should not be held at the high heat longer than 
necessary, since holding at the high hardening temperatures required causes 
excessive grain growth, with subsequent brittleness of the hardened tools. 

Tools that cannot be ground after hardening are often heated in a barium 
chloride, or some such suitable bath. 

4. Quenching—Quench the steel in oil, or air, from the hardening tem- 
perature. It is advisable to maintain the oil quenching bath at a temperature 
of 150 to 200° F. (65 to 93° C.) to eliminate possibility of breakage with 
intricately shaped tools. 

5. Drawing for Secondary Hardness.—Reheat uniformly in an open furnace, 
or preferably in a salt (NaNOs) or lead bath, to 1050 to 1150° F. (565 to 631°C.) 
for a sufficient length of time, and cool in air, or oil, as preferred. 


Notes ABOUT THE PROCESS 


Cooling from Annealing.—Cooling in air should not be permitted, since air 
cooling from the annealing temperature is apt to result in partial hardening of 
the tool. 

Heating for Hardening.—lIt is the customary practice to always preheat for 
hardening in an open furnace, since preheating in a salt bath causes the salt to 
adhere to the tool, and the subsequent high temperature treatment causes 
unusual corroding from the adhering salt. Even preheating in lead is objection- 
able from small quantities of adhering lead. There is not much advantage to be 
gained in using a molten bath for the preheating, since the preheating tempera- 
ture may vary over the comparatively wide range of 1400 to 1600° F., and an 
open furnace is invariably used in practice. 

Quenching from Drawing Temperatures.—This should be optional with the 
steel treater, as quenching from the drawing temperature does not give increased 
toughness over samples that have air cooled. Evidently the increased toughness 
resulting when carbon or chrome-vanadium steels are quenched from drawing 
temperatures of 700 to 1000° F. does not apply to high-speed steels, as impact 
tests on oil-cooled and air-cooled samples show ne difference in favor of the oil- 
cooled pieces. | 


TENTATIVE SPECIFICATIONS : 
FOR 
LOW-CARBON-STEEL TRACK BOLTS! 
Serial Designation: A 76 — 20 T. 


This is a Tentative Standard only, published for the purpose of eliciting 
criticism and suggestions. It is not a Standard of the Society and until its 
adoption as Standard it is subject to revision. 


ISSUED, 1918; REVISED, 1920. 
I. MANUFACTURE. 
1. (a) The steel shall be made by either or both the follow- 
ing processes: Bessemer or open-hearth. 
(>) The threads may be cut or rolled. 


II. CHEMICAL PROPERTIES AND TESTS. 
2. (a) The steel for the bolts shall conform to the following 
requirements as to chemical composition: 


Werserter eer ec ak oily ees 5 not over 0.10 per cent. 
Open-bearth 3 eo isa aera O05 ” 


(6) The steel for the nuts shall be ‘‘soft steel.” 
3. (a2) A carbon determination shall be made of each 


Phosphorus { 


melt of Bessemer steel, and two analyses every 24 hours repre-’ 


senting the average of the elements carbon, manganese, phos- 
phorus and sulfur, contained in the steel, one for each 12-hour 
period, respectively. These analyses shall be made from drill- 
ings taken at least 4 in. beneath the surface of a test ingot 
obtained during the pouring of the melts. The chemical com- 
position thus determined shall be reported to the purchaser 
or his representative, and shall conform to the requirements 
specified in Section 2. 

(b) An analysis of each melt of open-hearth steel shall be 
made by the manufacturer to determine the percentages of carbon, 
manganese, phosphorus and sulfur. This analysis shall be 
made from drillings taken at least 4 in. beneath the surface of a 
test ingot obtained during the pouring of the melt. The chem- 
ical composition thus determined shall be reported to the pur- 
chaser or his representative, and shall conform to the require- 
ments specified in Section 2. 


1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. 
G. H. Woodroffe, Secretary of Committee A-1 on Steel, Reading Iron Co., Reading, Pa. 
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4. An analysis may be made by the purchaser from a 
finished bolt representing each melt. The phosphorus content 
thus determined shall not exceed that specified in Section 2 by 
more than 25 per cent. 


III. PHYSICAL PROPERTIES AND TESTS. 


5. The stock from which the bolts are made shall conform 
to the following requirements as to tensile properties: 


Tensile strength, lb. per sq. in ............... 55 000 — 70 000 
WEA . ; 1 500 000 
Elongation in 8 in., min., per cent........... aS 
Tens. str. 


6. The test specimen shall bend cold through 180 deg. flat 
on itself without cracking on the outside of the bent portion. 

7. Tension and bend test specimens shall be taken from the 
full-size rolled bars. Tension test specimens shall be of 8-in. 
gage length. 

-8. (a) One tension and one bend test shall be made from 
each melt of steel. When the melts can not be identified, one 
tension and one bend test shall be made from each lot of 10 tons 
or fraction thereof. 

(b) If any test specimen develops flaws, it may be discarded 
and another specimen substituted. 

(c) If the percentage of elongation of any tension test 
specimen is less than that specified in Section 5 and any part of 
the fracture is outside the middle third of the gage length, as 
indicated by scribe scratches marked on the specimen before 
testing, a retest shall be allowed. 

9. If the results of the physical tests of any test lot do not 
conform to the requirements specified, two additional tension 
and two additional bend tests shall be made from such lot, all 
of which shall conform to the requirements specified. 


IV. PERMISSIBLE VARIATIONS. 


10. The bolts and nuts shall conform to the dimensions 
specified by the purchaser subject to the following variations: 
A variation of 3'y In. under and 4 in. over the specified diameter 
of the shank of the bolt will be permitted. The diameter of 
rolled thread shall not exceed the diameter of the shank more 
than ¥¢ in. for bolts $ in. in diameter and under, nor more than 
35 in. for bolts 1 in. in diameter and over. The outside diameter 
of the finished rolled threads shall not exceed the diameter of 
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the shank of a cut thread bolt of corresponding size. The length 
of the bolt under the head shall not vary more than in. from 
that specified. A variation ts the dimensions of the elliptical 
shoulders under the head of 35 in. and a pales of the shoulder 
of #5 in. will be permitted. 


V. WORKMANSHIP AND FINISH. 


11. The bolts and nuts shall be neatly formed and free from 
fins or nicking. ‘The head of the bolt shall be concentric with and 
firmly joined to the shank, with the under side at right angles 
to the axis of the bolt. The threads shall be sharp and true to 
gage and of the design specified by the purchaser. The nuts 
shall have a hand free fit on the bolt from two to six turns, and 
wrench tight the balance of the screw length without distorting 
the threads or twisting the shank. ‘They shall be screwed on 
the bolts before packing, a sufficient number of turns to hold 
them in place until used. 

12. The finished bolts and nuts shall be free from injurious 
defects and shall have a workmanlike finish. 


VI. MARKING. 


13. (a) A letter or brand indicating the manufacturer shall 
be pressed on the head of the bolt when it is formed. 

(b) Bolts shall be packed in serviceable packages. All 
packages shall be plainly marked as to material, size of bolts 
and name of manufacturer. 


VII. INSPECTION AND REJECTION. 


14. The inspector representing the purchaser shall have free 
entry, at all times while work on the contract of the purchaser 
is being performed, to all parts of the manufacturer’s works 
which concern the manufacture of the bolts and nuts ordered. 
The manufacturer shall afford the inspector, free of cost, all 
reasonable facilities to satisfy him that the bolts and nuts are 
being furnished in accordance with these specifications. All 
tests (except check analyses) and inspection shall be made at the 
place of manufacture prior to shipment, and shall be so con- 
ducted as not to interfere unnecessarily with the operation of 
the works. 

15. Bolts and nuts which show injurious defects subse- 
quent to their acceptance at the manufacturer’s works will be 
rejected, and the manufacturer shall be notified. 
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TENTATIVE SPECIFICATIONS 
FOR 
ELECTRIC CAST-STEEL ANCHOR CHAIN 


Serial Designation: A 77-20 T. 


This is a Tentative Standard only, published for the purpose of eliciting 
criticism and suggestions. It is not a Standard of the Society and until its 
adoption as Standard it is subject to revision. 


ISSUED, 1918; REVISED, 1920. 


_ 1. These specifications cover the cast steel to be used in 
all parts of the complete chain, including stud links, enlarged 
links, end links, shackles and shackle pins for anchor chain 
12 in. and over. 


I. MANUFACTURE. 


2. (a) The steel shall be made by the electric furnace pro- 
cess, and all castings shall be produced in dry sand molds or 
cores. 

(b) Each complete shot of chain shall be heat-treated in 
such manner that the treatment will be complete and uniform 
throughout its entire length. 

3. The weight of each shot of chain shall not be less than 
the minimum weight specified in Table I. 


II. PHYSICAL TESTS. 


4. (a) Three links shall be selected by the inspector repre- 
senting the purchaser from any part of each 15 fathoms of chain 
or portion thereof, and cut out for testing purposes. Such links 
shall be marked for identification and heat-treated with the 
length they represent. 

(b) Such test chains shall become the basis, as provided in 
Section 5, for the acceptance or rejection of the material entering 
into the shot of chain they represent. 


1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. 
G. H. Woodroffe, Secretary of Committee A-1 on Steel, Reading Iron Co., Reading, Pa. 
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5. (a) One of the test chains shall be pulled in an approved 
static testing machine to a breaking load in accordance with the 
loads specified in Table II. If this first test chain withstands the 
required tensile breaking load, the shot of chain which it repre- 
sents shall be accepted so far as this test is concerned. 

(6) If any link in the first test chain fails to withstand the 
required tensile breaking load, the second test chain shall be 
subjected to the same test. Prior to this retest the shot of 
chain and the second test chain may be subjected to a re-heat 
treatment at the option of the manufacturer. If the second test 
chain passes the required test the shot of chain which it represents 
shall be accepted so far as this test is concerned. If the second 


TABLE I.—MINIMUM WEIGHT PER SHOT OF 15 FATHOMS. 


* Size of Chain, in. | Weight, lb. Size of Chain, in. | Weight, lb. Size of Chain, in. | Weight, Ib. 
Lo evinces Vetere. 1 625 fy er ny re 3 785 Bhi ieras ui 7 015 
Te wong S 1775 a SE eee 4 015 Re eee 7 330 
Se eee eee 1 935 og an ee ee 4 245 eae te Neb 7 650 
Lr eT: 2 090 eS oy de ee 4 485 er abet amebas 7 980 
Oe ee PQS AIAN, For ee. SCL? Wha ok iB eee 8 320 
er a. 2 410 Cy vet PL 4 960 i eee 8 660 
Fac by cnc Wee 2 590 Dame ire fOr 5 265 SAM aes oe 9 010 
fae eo: 2785 i ian ee 5 535 Oe LL EE coe 9 360 
Ores eee 2975 2 aoe) an ea 5 815  esacoae ees 9725 
oe ak OE 3 175 DPR Orie ae! 6 105 Sag eer ccobaet es 10 095 
Be 2 Get? 3 355 eae Pee 6 405 CD shat eee Mie 10 475 
oy eee Moc 8 570 ow RRO LE RE 6 705 OP lo ee ae a 12 025 


test chain fails to pass the required test the shot of chain shall 
be rejected. 

6. (a) The complete shot of chain shall then be subjected 
to a proof test, which shall consist of anchoring each end thereof 
in an approved static testing machine and subjecting it to the 
proof load shown in Table II, according to its respective size. 
If the shot of chain passes this test it shall be accepted. 

(b) If any link or links, in any one shot of 15 fathoms, fail 
during the proof test a new link or links may be cast in and the 
shot re-treated and again subjected to the proof tests. If any 
link fails on this retest the shot shall be rejected. 

7. In addition to the breaking and proof tests specified in 
Sections 5 and 6, the material entering into the manufacture of 
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the chain shall be subjected to such shock or bend tests as shall 
be agreed upon between the manufacturer and the purchaser, 
in order to determine its shock-resisting qualities. 

8. In the event that only one test chain is subjected to test, 
the remaining test chain may be united with and become a part 
of another complete shot of chain. 


III. DIMENSIONS AND PERMISSIBLE VARIATIONS. 


9. All castings shall conform to the dimensions and per- 
missible variations agreed upon between the manufacturer and 
the purchaser. 


TABLE II.—PROOF AND BREAKING LOADS. 


Size of Proof Breaking Size ot Proof Breaking Size of Proof Breaking 
Chain, Test, Test Chain, Test, Test, hain, Test, est, 
in. lb. Ib. in. Ib. lb. in. Ib. Ib. 

1 

Peet 114000 | 160000 |/ 22...... 255000 | 357000 || 22...... 431500 | 604 000 
Le 3 15 

ié 124500 | 175000 |) 25% ....} 270000 | 378000 || 243....| 444500 | 622000 
13 ane 131500 | 184000 || 24...... 285000 | 400000 || 3........ 457000 | 640000 
132 5 _ a 

i6 -::| 137500 | 193000 |} 25%. 302000 | 423000 |) 3zi¢ . 469500 | 658 000 
13... 149000 | 208000 || 22...... 318500 | 446000 || 32...... 482000 | 676000 
141 gue Pie 

te **-| 160500 | 225000 || 24% ....| 335000 | 470000 |) 35%. 494500 | 693 000 
13... 173000 | 242000 || 2%...... 353000 | 494000 || 34...... 506 500 | 710000 
113 eT 5. 

T6 ***| 185500 | 260000 || 25% ....] 366000 | 512000 |) 355. 518 500 | 726 000 
ee 198000 | 278000 || 22...... 379000 | 531000 || 32...... 530500 | 742 000 
17g ---| 211500 | 296000 || 222 392500 | 550000 | 35% ....| 541500 | 758 000 
rae hal 226000 | 316000 || 22...... 405 500 | 568000 | 32...... 553000 | 775 000 

wis 
216 240000 | 336000 || 242. 418500 | 586000 || 33...... 588 500 | 824000 


IV. FINISH. 


10. All castings shall be free from shrinkage, porosity or 
other injurious defects which would affect the strength of the 
chain, and shall have a workmanlike finish. 


V. MARKING. 


11. Each link shall be legibly stenciled with its heat number. 
Each shot of chain accepted shall be legibly stenciled in accord- 
ance with the requirements of the purchaser. 


SERIAL DESIGNATION: A 77-20 T. 35 


VI. INSPECTION. 


12. The inspector representing the purchaser shall have 
free entry, at all times while work on the contract of the pur- 
chaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the chain ordered. 
The manufacturer shall afford the inspector, free of cost, all 
reasonable facilities to satisfy him that the chain is being fur- 
nished in accordance with these specifications. Tests and 
inspection at the place of manufacture shall be made prior to 


Inspection. 


shipment, and shall be so conducted as not to interfere unnec- 


essarily with the operation of the works. 


Material 
Covered. 


Process. 


Chemical 


Composition. 


Ladle 
Analyses. 


TENTATIVE SPECIFICATIONS 
FOR 


STEEL PLATES OF STRUCTURAL QUALITY FOR 
FORGE WELDING. 


Serial Designation: A 78-23 T. 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to revision. 


IssuED, 1919; REVISED, 1920, 1921, 1923. 


1. These specifications cover steel plates of structural quality 
suitable for forge welding without the addition of fluxes. 


I. MANUFACTURE. 
2. The steel shall be made by the open-hearth process. 


II. CHEMICAL PROPERTIES AND TESTS. 


3. (a) The steel shall conform to the following requirements as 
to chemical composition: 


GRADE A. GRADE B. 
for plates $ in. or 
under in thickness... .not over 0.15 per cent not over 0.20 per cent 
Carbon 8 
for plates over $ in. 
intinckness:.. i. nes ewe O sk 7 “ SE NO Foe 3 
Manganese’ 5% oie tee ries okie cr 0.35 to 0.60 af 0.35 to 0.60 ie 
PHOSOHOTUS pratt. sates remeetee ge notiover 0706) 4° not over 0.06 “ 
MTG ree Bee aw ey eee ek at wena 2 re 0.05 i: ’ 0.05 ‘i 


(b) The composition of the steel should preferably be free from 
silicon, nickel or chromium. Where these elements are present the 
maximum quantity of any one shall not exceed 0.05 per cent. 

4. An analysis of each melt of steel shall be made by the manu- 
facturer to determine the percentages of carbon, manganese, phos- 
phorus and sulfur. This analysis shall be made from a test ingot 
taken during the pouring of the melt. The chemical composition 
thus determined shall be reported to the purchaser or his representa- 
tive, and shall conform to the requirements specified in Section 3. 


1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. G. H. 
Woodroffe, Secretary of Committee A-1 on Steel, Reading Iron Co., Reading, Pa. 
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\ 
5. An analysis may be made by the purchaser from a broken Check 
; 4 . ° Analyses. 
tension test specimen representing each melt. The chemical compo- 
sition thus determined shall conform to the requirements specified in 
Section 3. 


III. PHYSICAL PROPERTIES AND TESTS. 
6. (2) The material shall conform to the following minimum Tension 


requirements as to tensile properties: res 
GRADE A. GRADE B. 
Tensile strength, ib. per sq. in........... 45,000 50,000 
Praeermernit. 10- per SQ. in veal. see eee es 0.5 tens. str. 0.5 tens. str. 
but in no case less than............. 24,000 27,000 
Elongation in 8 in., per cent............. 28 25 
f 
A 
Cae : 
nae | 
Oy ' ( Faralle/ Section) | 
I< -About 3 sl: Nee Dy not less thang’ i 


‘ | | ‘Qn 
i | 
Petar esha ron nnemnewe wanneninct ttawese + Mbour LO ar ite epee os oe >| 
| 


iG. tL, 


(b) The yield point shall be determined by the drop of the beam 
of the testing machine. 

7. (a) For material over # in. in thickness, a deduction from the Modifica- 
percentages of elongation specified in Section 6 (a) of 0.25 per cent restr ak 
shall be made for each increase of 35 In. of the specified thickness 
above # in., to a minimum of 20 per cent. 

(b) For material under 3 in. in thickness a deduction from the 
percentages of elongation specified in Section 6 (a) of 1.25 per cent 
shall be made for each decrease of 3; in. of the specified thickness 
below 35 in. | 

8. The test specimen shall withstand being bent cold through Bend Tests. 
180 deg. flat on itself without cracking on the outside of the bent 
portion. 

9. (a) Test specimens shall be prepared for testing from the Test 
material in its rolled condition. Specimens. 


Number 
of Tests. 


Permissible 
Variation. 


Finish. 


Marking. 
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(b) Test specimens shall be taken longitudinally and, except as 
specified in Paragraph (c), shall be of the full thickness of material as 
rolled. They may be machined to the form and dimensions shown 
in Fig. 1, or with both edges parallel. 

(c) Test specimens for plates over 15 in. in thickness may be 
machined to a thickness or diameter of at least # in. for a length of at 
least 9 in. 

(d) The machined sides of rectangular bend test specimens may 
have the corners rounded to a radius not over 3; in. 

10. (a) One tension and one bend test shall be made from each 
melt; except that if material from one melt differs # in. or more in 
thickness, one tension and one bend test shall be made from both the 
thickest and the thinnest material rolled. 

(b) If any test specimen shows defective machining or develops 
flaws, it may be discarded and another specimen substituted. 

(c) If the percentage of elongation of any-tension test specimen 
is less than that specified in Section 6 (a) and any part of the fracture 
is outside the middle third of the gage length, as indicated by scribe 
scratches marked on the specimen before testing, a retest shall be 
allowed. 


IV. PERMISSIBLE VARIATIONS IN WEIGHT AND THICKNESS. 


11. The cross-section or weight of plates shall be covered by the 
following permissible variations. One cubic inch of rolled steel is 
assumed to weigh 0.2833 Ib. 

(a) When Ordered to Weight per Square Foot: The weight of each 
lot! in each shipment shall not vary from the weight ordered more 
than the amount given in Table I. 

(b) When Ordered to Thickness: The thickness of each plate 
shall not vary more than 0.01 in. under that ordered. 

The overweight of each lot! in each shipment shall not exceed the 
amount given in Table II. 


V. FINISH. 


12. The finished material shall be free from injurious defects 
and shall have a workmanlike finish. 


VI. MARKING. 

13. The name or brand of the manufacturer and the melt number 
shall be legibly rolled or stamped on all finished material. The melt 
number shall be legibly marked, by stamping if practicable, on each 
test specimen. 


1 The term “‘lot’’ as applied to Table I means all of the plates of each group width and group 
weight; as applied to Table II, it means all of the plates of each group width and group thickness. 
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VII. INSPECTION AND REJECTION. 


14. The inspector representing the purchaser shall have free Inspection. 
entry, at all times while work on the contract of the purchaser is being 
performed, to all parts of the manufacturer’s works which concern 


TABLE I.—PERMISSIBLE VARIATIONS OF PLATES ORDERED TO WEIGHT. 


Permissible Variations in Average Weights per Square 


Foot of Plates for Widths Given, 
Expressed in Percentages of Ordered Weights. 


Ordered ader 48 to | 60to | 72to | 84to | 96 to | 108 to | 120 to | 132 in. Ordered , 
Weight, a8 an 60 in., | 72in., | 84in., | 96in., | 108in.,| 120in.,| 132in.,] or Weight, 
Ib. per sq. ft. excl. excl. excl. excl. excl. excl. excl. over. Ib. per sq. ft. 
3 eye rs 8 B S Bie) 8 3 
Si{oi/ Sic} ojo] Bical Sisal] siol Sic] Sic] sis 
ST Sr MSA Ores fe Se fel aye ySS TPN ENP Mista [BE SEY Pate bol cry at eau (gmoney dH reg aie Fa 
Ona) Sab Os hea vOul eh hist NO "Or poet ©) |S 
Under 5-....2. POR goe| O25! Sa Ousatel fe lo .| Under 5 
SMELOM ED EXClLeL|rAcDNS (ho) 1 Sado pl Gaiam lea |Mewl hae l oe cl ots lets 5 to 7.5 excl. 
Oo meOPe ie elton | 425103 toe (ese. sam Geslisint ns Prah>| Sites oo Spee et ea CaN oe ia eee hin une 
O12 7.1 3-5) 2.5) 4 | 3-145) 3°) 5) 3. | 5.5)3 16 13 17 18 18 7s 19 138 710 “125 * 
pO men Deas (TOM TL 220 | x20 Oe) (Lede 4 Olea le all Oe I B20} ou [kG Lowe fy (lise cl Sra | Oo bileeoe bb, 0 
LOM AD Meee ED Ola-O| lS | Sol oe las 4cDlisi fo, |oedepeot ool Oto le | allo” Liao 
Loy 20M ee | eoI2 | (ODI 2pinsw ool oto. 4 13 14.513. 15.03 | bt 3 [66 48 117.557 20... * 
Oe come |iomtto. | 2.51 2. ee bineeples N25 0.51 2.501 4 | 3 44.513, 15.13 15.5) 3.120) S25, st 
Zone OU mee At et 102, | Ql opleom aap leaoies (2518.50. | 4 oa.) 4503 7 Sesh 125. “* 30. * 
SOMA emo [e242 I oe Oo) oat 2.51 2.5) 3, We2Dpaedl So pd (Bll 4.5P Sr 80). 40: * 
40 or over...... Doale2 hi 2 ace Ame ommom e202 a eotraOlio eiiearoltocojoo, Jaton! 3 ) 140 omover 


Notz.—The weight per square foot of individual plates shall not vary from the ordered weight by more than 
1% times the amount given in this table. 


TABLE IT.—PERMISSIBLE OVERWEIGHTS OF PLATES ORDERED TO THICKNESS. 


Permissible Excess in Average Weights per 
Square Foot of Plates for Widths Given, 
Expressed in Percentages of Nominal Weights. 
Ordered ed SOE et Oe eae. PDT Der re eee Ordered 


hick in. ‘ Thick Tin: 
paigeness, 40 i 48 to | 60 to | 72to | 84to | 96 to | 108 to | 120 to | 132in.} 
Under | ¢9 in., | 72 in., | 84 in., | 96 in., | 108 in.,| 120 in.,] 132 in.,| or 


48 in. | excl. | exel. | excl. | excl. | excl. | excl. | excl. | over. 

Randers cre ssscteisle cies 9 10 12 14 Under 

% tozsexcl........ 8 9 10 12 % to zs excl 
Rete es esinsich's 7 8 9 10 12 # 1 ae oa 
+“ * 6 7 8 9 10 12 14 16 19 i “5 “ 
EN Oe Et ORE IED 5 6 7 8 9 10 12 14 17a aaa 
OTR ye 4.5] §& 6 7 8 9 10 12 18 | # “ye 
tu“ "“ 4 4.5| 5 6 7 8 9 10 13°. "|g ye 
BWR S OSS. Bice. S45 ord 478i) 25 6 7 8 9 11 a oy ee 
a Aa 3 Bama re SIA we 6 7 8 eh ae Nay oa 
ee os Ps on 2.5| 3 3.5| 4 4.5 | 5 6 7 8 Pago oa Wa 
MROPIOVOED 22 0'4-ho «02h 2.5 2.5 3 3.5 4 4.5 5 6 7 1 or over 


the manufacture of the material ordered. ‘The manufacturer shall 
afford the inspector, without charge, all reasonable facilities to satisfy 
him that the material is being furnished in accordance with these 


Rejection. 


Rehearing. 
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specifications. All tests (except check analyses) and inspection shall - 
be made at the place of manufacture prior to shipment, unless other- 
wise specified, and shall be so conducted as not to interfere unneces- 
sarily with the operation of the works. 

15. (a) Unless otherwise specified, any rejection based on tests 
made in accordance with Section 5 shall be reported within five 
working days from the receipt of samples. 

(b) Material which shows injurious defects subsequent to its 
acceptance at the manufacturer’s works will be rejected, and the ~ 
manufacturer shall be notified. 

16. Samples tested in accordance with Section 5, which represent 
rejected material, shall be preserved for two weeks from the date of 
the test report. In case of dissatisfaction with the results of the tests, 
the manufacturer may make claim for a rehearing within that time. 


TENTATIVE SPE CIFICATIONS 
FOR 


STEEL PLATES OF FLANGE QUALITY FOR 
FORGE WELDING! 


Serial Designation: A 89-23 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to revision. 


IssuED, 1923, 


1. These specifications cover steel plates of flange quality suitable 
or forge welding without the addition of fluxes. 


I MANUFACTURE 
2. The steel shall be made by the open-hearth process. 
Hi.» CHEMICAL. PROPERTIES: AND .TESTS 


Material 
Covered. 


Process. 


3. (a) The steel shall conform to the following requirements as Chemical 


to chemical composition: 
GRADE A GRADE B 
ie plates # in. or 
under in thickness... .not over 0.15 per cent not over 0.20 per cent 
Carbon F 
for plates over # in. 
[ atl COECKNOSS. ois wees sia lk Shand 8s Me are th aes ie: a 
ite ese ge te aaa nes 0.35 to 0.60 - 0.35 to 0.60 i 
AG vc. cs eee not over 0.06 y not over 0.06 “ 


Phosphorus { Bo: wvesharedla es Hig 20:04 iit ae oad) 2. 
SLi ibis > « drcpcel odapbns. 6 Tee Bre Oe ive be hey aOR eit 


(6) The composition of the steel should preferably be free from 
silicon, nickel or chromium. Where these elements are present the 
maximum quantity of any one shall not exceed 0.05 per cent. 

4, An analysis of each melt of steel shall be made by the manu- 
facturer to determine the percentages of carbon, manganese, phos- 
phorus and sulfur. This analysis shall be made from a test ingot 
taken during the pouring of the melt. The chemical composition 
thus determined shall be reported to the purchaser or his representa- 
tive, and shall conform to the requirements specified in Section 3. 

5. An analysis may be made by the purchaser from a broken 
tension test specimen representing each plate as rolled. ‘The chemical 
composition thus determined shall conform to the requirements speci- 
fied in Section 3. | 


1 Criticisms of these Tentative Specifications a1e solicited and should be directed to Mr. G. H. 
Woodroffe, Secretary of Committee A-1 on Steel, Reading Iron Co., Reading, Pa. 
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III. PHYSICAL PROPERTIES AND TESTS. 


6. (a) The material shall conform to the following minimum 
requirements as to tensile properties. 


GRADE A. GRADE B, 
Tensile strength, lb. per sq. in...... 45,000 50,000 
Yield pointala:*per.sq7 ina tye os: 0.5 tens. str. 0.5 tens. str. 
but in no case less than....... 24,000 27,000 
Elongation in 8 in., per cent....... 30 27 


(b) The yield point shall be determined by the drop of the beam 
of the testing machine. 

7. (a) For material over 2 in. in thickness, a deduction from the 
percentages of elongation specified th Section 6 (a) of 0.125 per cent 
shall be made for each increase of #3 in. of the specified thickness 
above # in. 

(b) For material under 3; in. in thickness, a deduction from the 
percentage of elongation in 8 in. specified in Section 6 (a) of 1.25 
per cent shall be made for each decrease of #3 in. of the specified 
thickness below 3°; in. 

8. The test specimen shall withstand being bent cold through 
180 deg. without cracking on the outside of the bent portion, as fol- 
lows: For material 1 in. or under in thickness, around a pin the 
diameter of which is equal to the thickness of the specimen; and for 
material over 1 in. in thickness, around a pin the diameter of which 
is equal to twice the thickness of the specimen. 

9. (a) Tension test specimens shall be taken longitudinally from 
the bottom of the finished rolled material, and bend test specimens 
shall be taken transversely from the middle of the top of the finished 
rolled material. The longitudinal test specimens shall be taken in 
the direction of the longitudinal axis of the ingot; and the trans- 
verse test specimens at right angles to that axis. 

(b) Tension and bend test specimens shall be of the full thick- 
ness of material as rolled, and shall be machined to the form and 
dimensions shown in Fig. 1; except that bend test specimens may 
be machined with both edges parallel. 

(c) Test specimens for plates over 14 in. in thickness may be 
machined to a thickness or diameter of at least # in. for a length of at 
least 9 in. ? 

(d) The machined sides of rectangular bend test specimens may 
have the corners rounded to a radius not over ¥ in. 

10. (a) One tension and one bend test shall be made from each 
plate as rolled. 
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(b) If any test specimen shows defective machining or develops 
flaws, it may be discarded and another specimen substituted. 

(c) If the percentage of elongation of any tension test specimen 
is less than that specified in Section 6 (a) and any part of the fracture 
is outside the middle third of the gage length, as indicated by scribe 
scratches marked on the specimen before testing, a retest shall be 
allowed. 


IV. PERMISSIBLE VARIATIONS IN WEIGHT AND THICKNESS. 


11. The thickness of each plate shall not vary more than 0.01 in. Permissible 
under that ordered. Variations. 
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The overweight of each lot! in each shipment shall not exceed 
the amount given in Table I. One cubic inch of rolled steel is assumed 
to weigh 0.2833 lb. 
Vous UNIStr. 
12. The finished material shall be free from injurious defects Finish. 
and shall have a workmanlike finish. 


VI. MARKING. 

13. (a) The name or brand of the manufacturer, melt or slab Marking. 
number, class, and lowest tensile strength for the grade specified in 
Section 6 (a) shall be legibly stamped on each plate. The melt or 
slab number shall be legibly stamped on each test specimen. 

(b) When specified on the order, plates shall be match-marked 
as defined in Paragraph (c) so that the test specimens representing 
them may be identified. When more than one plate is sheared from 
a single slab or ingot, each shall be match-marked so that they may 
all be identified with the test specimen representing them. 


1 The term “’lot’’ applied to Table I means all of the plates of each group width and group thickness. 


Inspection. 


Rejection. 


Rehearing. 
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(c) Each match mark shall consist of two over-lapping circles 
each not less than 14 in. in diameter, placed upon the shear lines, and 
made by separate impressions of a single-circle steel die. 

(d) Match-marked coupons shall match with the sheets repre- 
sented and only those which match properly shall be accepted. 


VII. INSPECTION AND REJECTION. 


14. The inspector representing the purchaser shall have free 
entry, at all times while work on the contract of the purchaser is being 
performed, to all parts of the manufacturer’s works which concern 
the manufacture of the material ordered. ‘The manufacturer shall 
afford the inspector, without charge, all reasonable facilities to satisfy 
him that the material is being furnished in accordance with these 


TABLE I.—PERMISSIBLE OVERWEIGHTS OF PLATES ORDERED TO THICKNESS. 


Permissible Excess in Average Weights per 
Square Foot of Plates for Widths Given, 
Expressed in Percentages of Nominal Weights. . 
Ordered 
Thickness, in. 


Ordered 


48 to | 60 to | 72 to | 84to | 96to | 108 to| 120 to | 132 in. | » omnes 
72 in., | 84m. | 96 in., | 108 in., | 120 in., | 132 in., or 
excl. excl. excl. excl. excl. excl. Over 
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specifications. All tests (except check analyses) and inspection shall 
be made at the place of manufacture prior to shipment, unless other- 
wise specified, and shall be so conducted as not to interfere unneces- 
sarily with the operation of the works. 

15. (a) Unless otherwise specified, any rejection based on tests 
made in accordance with Section 5 shall be reported within five 
working days from the receipt of samples. 

_ (0) Material which shows injurious defects subsequent to its 
acceptance at the manufacturer’s works will be rejected, and the 
manufacturer shall be notified. 

16. Samples tested in accordance with Section 5, which represent 
rejected material, shall be preserved for two weeks from the date of 
the test report. In case of dissatisfaction with the results of the tests, 
the manufacturer may make claim for a rehearing within that time. 


TENTATIVE SPECIFICATIONS 
FOR 


COLD-DRAWN STEEL WIRE FOR CONCRETE 
REINFORCEMENT! 


Serial Designation: A 82-21 T 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. 


ISSUED, 1921 


1. These specifications cover cold-drawn steel wire to be used Material 
as such, or in fabricated form, for the reinforcement of concrete, in Covered. 
gages not less than 0.080 in. nor greater than 0.500 in. 

2. When wire is ordered by gage number the following relation Basis of 
between number and diameter, in inches, shall apply unless other- Purchase. 
wise specified : 


GAGE EQUIVALENT GAGE EQUIVALENT 
NUMBER DIAMETER, IN. NUMBER DIAMETER, IN. 
DOGO 8. . cc ae eee 0.4900 POT ete eae ae 0.2070 
07979 O18 Penn aI 2 oP oe 0.4615 Fee FRE toc ees ts 0.1920 
DORON % Sre~sv ib ee reer 0.4305 PE HTOR Re PST Stes Ly 0.1770 
ngs Ccaere utter ate 0.3938 ee EAL Sy ene CW re 0.1620 
Oss ws. nt i alee ene aes 0.3625 ECA Rot Oe eae eee 0.1483 
LE ea I ee I 0.3310 Sr erat atres tony Saba tei bhees coe 0.1350 
J Pita eRe eS i 4 0.3065 PLE Pe or eae 0.1205 
Re ss Sky ee 0.2830 | 2ais Se EY dette) Cy re 0.1055 
De es Sea ae 0.2625 US Pee Re en 6 0. 09:45 
i MEOW Or ReAe BUSY ey © 0.2437 DR UNE Se REM cts WE ie, Gig 0.0800 
Be ie aah Mal aaa ON 2250 


I. MANUFACTURE 


3. (a) The steel shall be made by either or both the following Process. 
processes: Bessemer or open hearth. 


(6) The wire shall be cold drawn from rods hot-rolled from prawing. 
billets. 


1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. G. H. 
Woodroffe, Secretary of Committee A-1 on Steel, Reading Iron Co., Reading, Pa, 
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II. PHYSICAL PROPERTIES AND TESTS 
4, (a) The wire, except as specified in Paragraphs (6) and (c), 
shall conform to the following minimum requirements as to tensile 
properties: 
Tensile strength ib? per sq ean, 4.2; s.s.3 «990s ae 80,000 
Reduction ofvatea; per cent 29 75h, TAWA oo Pee eee ee 30 . 
(b) For wire to be used in the fabrication of mesh a minimum 
tensile strength of 70,000 lb. per sq. in. shall be permitted. 
(c) For wire testing over 100,000 lb. per sq. in. tensile strength, 
the reduction of area shall be not less than 25 per cent. 
5. The test specimen shall stand being bent cold through 
180 deg. without cracking on the outside of the bent Porare as 
follows: 

For wire 0.3 in. in diameter or under, around a pin the 
diameter of which is equal to the diameter of the speci- 
men. 

For wire over 0.3 in. in diameter, around a pin the diameter 
of which is equal to twice the diameter of the specimen. 

6. Tension and bend test specimens shall be of the full-size 
section of the wire as drawn. 

7. (a) One tension and one bend test shall be made for each 10 
tons or less of each size of wire. 

(b) If any test specimen shows defects or develops flaws, it may 
be discarded and another specimen substituted. 


III. PERMISSIBLE VARIATIONS IN GAGE 


8. The diameter of the wire shall not vary more than 0.003 in. 
from the size ordered. 


IV. FINISH 


9. The finished wire shall be free from injurious defects and shall 
have a workmanlike finish with smooth surface. 


V. INSPECTION AND REJECTION 

10. The manufacturer shall afford the inspector, without charge, 
all reasonable facilities to satisfy him that the wire is being furnished 
in accordance with these specifications. All tests and inspection shall 
be made at the place of manufacture prior to shipment, unless other- 
wise specified, and shall be so conducted as not to interfere unneces- 
sarily with the operation of the works. 

11. Wire which shows injurious defects subsequent to its accept- 
ance at the manufacturer’s works will be rejected, and the manu- 
facturer shall be notified. 


TENTATIVE SPECIFICATIONS 
FOR 
CARBON-STEEL CASTINGS FOR RAILROADS. 


Serial Designation: A 87-22 T. 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. 


ISSUED, 1922. 


1. (a) These specifications cover all carbon-steel castings for 
locomotive and car equipment, and for miscellaneous use, classified as 
Grade A and Grade B. 

(b) The purposes for which the two grades are generally used are: 

Grade A, unannealed, covers only such special castings as may be 
approved by the purchaser. Grade A, annealed, covers such castings 
not covered by Grade A, unannealed. | 

Grade B covers all. castings for high stresses such as truck side 
frames, bolsters, couplers and coupler parts, locomotive frames and 
locomotive driving and trailer wheel centers. 

2. Grade A castings shall be furnished annealed unless otherwise 
_ specified by the purchaser. 

Grade B castings shall be furnished annealed. 


I. MANUFACTURE. 


3. The steel may be made by one or more of the following pro- 
cesses: open-hearth, electric furnace, crucible or side blow converter. 

4. (a) The castings shall be allowed to become cool. They shall 
then be uniformly heated to the proper temperature to refine the grain, 
and allowed to cool uniformly. 

(b) For the purpose of determining the quality of annealing of 
all castings weighing 150 lb. or over, and of such lighter castings as 
shall be required by the purchaser or his representative, there shall be 
provided for removal by the inspector after annealing and also after 
reannealing, if necessary, at least one and not more than two an- 
nealing lugs. The location of the annealing lugs shall be such that 

1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. G. H. 
Woodroffe, Secretary of Committee A-1 on Steel, Reading Iron Co., Reading, Pa. 
‘ (47) 
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when removed by the inspector they shall be indicative of the charac- 
ter of annealing. The standard annealing lug shall be 1 in. in height 
and 1 in. in width and ? in. in thickness where it joins the casting. 
(c) If, in the opinion of the inspector, a casting is not properly 
annealed, he may at his option require the casting to be re-annealed. 


II. CHEMICAL PROPERTIES AND TESTS. 


5. The steel shall conform to the following requirements as to 
chemical composition: 


GRADE A GRADE B. 
Manganese, per cent, not OVer... 0... cee ee ee ee 0.85 0.85 
Phosphorus, per cent, not OVer.........0000 cee ee 0.05 0.05 
suiftr percent, not OWery...cm. tun pee vem ee 0.05 0.05 


6. An analysis of each melt of steel shall be made by the manu- 
facturer to determine the percentages of carbon, manganese, phos- 
phorus, sulfur and silicon. This analysis shall be made from drillings 
taken at least { in. beneath the surface of a test ingot obtained during 
the pouring of the melt. The chemical composition thus determined 
shall be reported to the purchaser or his representative, when re- 
quested, and shall conform to the requirements specified in Section 5. 

7. An analysis may be made by the purchaser from the broken 
tension test specimen or from a casting representing each melt. 
The chemical composition thus determined shall conform to the 
requirements specified in Section 5. Drillings for analysis shall be 
taken not less than + in, beneath the surface, and shall be taken in such 
a manner as not to impair the usefulness of a casting. 


III. PHYSICAL PROPERTIES AND TESTS. 


8. (a) The steel shall conform to the following minimum require- 
ments as to tensile properties: 


GRADE A. GRADE B. 
UNANNEALED. ANNEALED. ANNEALED 
Yield; point} Ibi iper sq. inwi weeny. Soci 29 250 29 250 36 000 
Tee ‘ 1 450 000 1 600 000 1 600 000 
Hlongation inv2anm. per Cent. 4.40. ube cs oc OTE | prog ery ee cre Cig ERE 
Tens. str. Tens. str. Tens. str. 

but if, no.case lesgithan eb oe 22 24 22 
i 2 250 000 2 600 000 2 0 
Reduction of area, per cent..............0, Bre eros cbt 2a 
, Tens. str. Tens. str. Tens. str. 

fut ii NO Case fess titty fe eer Ok 30 35 30 


(b) The tensile strength shall be reported as information. 


(c) The yield point shall be determined by the drop of the beam 
or by the dividers, the method being optional with the inspector, and 
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at a cross-head speed not to exceed % in. per minute. The tensile 
strength shall be determined at a speed not to exceed 14 in. per 
minute. 

9. (a) A sufficient number of test coupons, from which the 
required test specimen may be prepared, shall be cast attached in the 
neighborhood of each end of each locomotive frame, attached to each 
locomotive cylinder, to each wheel center, and to miscellaneous 
castings weighing over 150 lb. These test coupons shall remain 
attached to the castings throughout the annealing and until the 
castings are presented for inspection. If the design of the casting is 
such that the test coupons cannot be attached, they shall be cast in 
runners outside of the casting, but attached to it, to represent each 
melt. The location of the test coupons, as well as the method of 
casting such coupons, shall be subject to mutual agreement between 
the inspector and the manufacturer. In the case of any orders for 


Radius not less te [2 bebe, ay sist Note :-The Gage length, 
thang. | Parallel Section Paralle] Section, and 


M Fillets. shall be as 


Shown, but the Ends 
may be of any Shape 
| to fit the Holders of 
Penge tyes 2 ES S5 the lesting Machine 
"Gage Length in such aWay that the 
for Elongation Load shall be axial, 
after Fracture 
BIG 


castings weighing under 150 lb., the physical properties as required in 
Section 8, may be determined from an extra or spare test bar cast 
with and attached to some other casting from the same melt. 

(b) When sufficient coupons have not been cast, a test specimen 
may be cut from a finished casting at a location mutually agreed upon 
by the inspector and the manufacturer. 

(c) Tension test specimens shall conform to dimensions shown 
in Fig. 1. The ends shall be not less than { in. in diameter and of a 
length and form to fit the holders of the testing machine in such a way 
that the load shall be axial. 

10. (a) One tension test shall be made from the neighborhood of 
each end of each locomotive frame and both tests shall meet the re- 
quirements of the specifications. One tension test may be made from 
each wheel center and each locomotive cylinder casting, but of such 
castings at least one of each kind in each melt shall be tested. For 
miscellaneous castings from melts which do not include frames, wheel 
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centers or cylinders, one tension test shall be made from each melt, 
except as provided in Section 11 (a). 

(b) If the test specimen shows defective machining or develops 
flaws, it may be discarded and another specimen substituted. 

(c) If the percentage of elongation of any tension test specimen 
is less than that specified in Section 8 and any part of the fracture is 
more than 2 in. from the center of the gage length, as indicated by 
scribe scratches marked on the specimen before testing, a retest shall 
be allowed. 

(d) No part of these specifications shall operate to cause any one 
tension test to apply to more than 40 tons of castings as offered for 
inspection. 

11. (a) After 15 consecutive melts, which may contain any or all 
classes of castings (except frames, wheel centers, and cylinders) 
covered by these specifications on one or more orders have been tested 
and accepted in accordance with the above requirements, the manu- 
facturer may group the succeeding melts in lots of five melts each, 
but each lot not to exceed 40 tons, the entire group to be accepted if 
the test specimen selected from the lot fulfills the chemical and phys- 
ical requirements herein specified. If this test fails, a rehearing will 
be granted on the melt that the failed bar represents, and the other 
four melts of the group shall be tested individually. 

(b) If there is a period of more than six months between ship- 
ments of the class of castings covered by these specifications, then each 
melt shall be tested individually until 15 consecutive melts have been 
accepted, after which the melts may again be grouped as in Para- 
graph (a). 

(c) If one or more melts are rejected, each succeeding melt shall 
be tested individually until 15 consecutive melts have been accepted, 
after which melts may again be grouped as in Paragraph (a). 

12. In case of small orders for bolsters, truck sides, draft arms, 
yokes or castings weighing over 150 lb. where the size of the order and 
the available pattern and foundry equipment are such that not more 
than five castings can be cast in any one melt, the physical properties, 
as required in Section 8, will be determined from an extra or spare 
test coupon cast with and attached to some other casting of the 
same melt. 

13. If the results of the physical test lot do not conform to the 
requirements specified, the manufacturer may re-anneal such lot not 
more than twice and retest shall be as specified in Section 8. 

14. In the case of orders including only castings not exceeding 
150 lb. in weight, a test to destruction of one casting from each 100 
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castings or smaller lot may be substituted for the tension tests, at 
the option of the inspector. This test shall show the material to be 
ductile, free from injurious defects, and suitable for the purpose 
intended. 


IV. WORKMANSHIP AND FINISH. 


15. The castings shall substantially conform to the sizes and 
shapes shown on the purchaser’s drawings, and shall be made in a 
workmanlike manner. | 

16. (a) The castings shall be free from injurious defects. 

(b) Minor defects which do not impair the strength of the castings 
may, with the approval of the inspector, be welded by an approved 
process. ‘The defects shall first be cleaned out to solid metal; and 
after welding, the castings shall be annealed, if required by the 
inspector. 


V. MARKING. 
17. The manufacturer’s name or indentification mark and the 


Workmanship 


Finish. 


Marking. 


specified pattern number shall be cast on all castings. In addition, the . 


month and year when made shall be cast on all bolsters, truck sides, 
frames, wheel centers, cylinders, and similar castings. ‘The location 
and size of numbers shall be agreed upon by the manufacturer and 
the inspector. In accordance with the standard practice of the 
individual foundry to identify individual castings, a serial number 
may be cast or the melt number may be stamped on bolsters, truck 
sides, frames, wheel centers, cylinders and similar castings as agreed 
upon by the manufacturer and the inspector. ‘The melt number shall 
be legibly stamped on all other castings weighing over 150 lb. 


VI. INSPECTION AND REJECTION. 


18. The inspector representing the purchaser shall have free 
entry, at all times while work on the contract of the purchaser is 
being performed, to all parts of the manufacturer’s works which 
concern the manufacture of castings ordered. ‘The manufacturer shall 
afford the inspector, without charge, all reasonable facilities to satisfy 
him that the castings are being furnished in accordance with these 
specifications. All tests (except check analyses) and inspection shall 
be made at the place of manufacture prior to shipment, unless other- 
wise specified, and shall be so conducted as not to interfere unneces- 
sarily with the operation of the works. 


Inspection. 


19, (a) Unless otherwise specified, any rejection based on tests Rejection. 


made in accordance with Section 7 shall be reported within five working 
days from the receipt of samples. 


Rehearing. 
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(b) Castings which show injurious defects subsequent to their 
acceptance at the manufacturer’s works will be tejec and the 
manufacturer shall be notified. 

20. Samples tested in accordance with Section 7, which represent 
rejected castings, shall be preserved for two weeks from the date of the 
test report. In case of dissatisfaction with the results of the tests, 
the manufacturer may make claim for a rehearing within that time 


TENTATIVE SPECIFICATIONS 
FOR 
CARBON-STEEL CAR AND TENDER AXLES’ 


Serial Designation: A 21-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism — 


and suggestions. It is not a Standard of the Society and is subject to annual revision. 


IssuED, 1925. 


1. These specifications cover tapered axles up to and including 
those 63 in. in nominal diameter at the center. Axles over 64 in. in 
diameter at the center shall be purchased under the Standard Speci- 
fications for Carbon-Steel Forgings for Locomotives (Serial Designa- 
tion: A 20) of the American Society for Testing Materials.? 


I. MANUFACTURE 


2. The steel shall be made by the open-hearth or electric-furnace 
process. 


II. CHEMICAL PROPERTIES AND TESTS 


3. The steel shall conform to the following requirements as to 


chemical composition: 
Rete IGN A code o-e ttt ROR ER Be B04 3 B'S Wd eg os 0.40-0.55 per cent 
NS a FSR See le Te. “Site ait gia en nae 0.40-—0.70 os 
Pospnorus, NOt OVEL ash ioe ae bok wan less 0.05 r; 
Sar tts OV'ON:, Sasa een Gass wet sobre dew way 0.06 v 


4. An analysis shall be made by the manufacturer from a test 
ingot taken during the pouring of each melt, to determine the per- 
centage of carbon, manganese, phosphorus, sulfur and, when specified, 
silicon. Drillings for analysis shall be taken not less than { in. beneath 
the surface of the test ingot. A copy of this analysis shall be given 
to the purchaser or his representative. This analysis shall conform 
to the requirements specified in Section 3. 

5. Analyses may be made by the purchaser from one axle repre- 
senting each melt. The chemical composition thus determined shall 
conform to the requirements specified in Section 3. The drillings 
for these analyses shall be from one end of the test axle at any point 
midway between the center and surface, using a 3-in. drill. 

1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. G. H. 
Woodroffe, Secretary of Committee A-1 on Steel, Reading Iron Co., Reading, Pa. 

These Tentative Specifications, when adopted as standard, will supersede the present Standard 
Specifications for Carbon-Steel Car and Tender Axles (Serial Designation: A 21-18), 1924 Book of 


A.S.T.M. Standards. 
21924 Book of A.S.T.M. Standards. 
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III, -PHYSICAL./ PROPERTIES AND ‘TESTS 


6. (a) The test axle shall be so placed on supports 3 ft. apart, 
that the tup will strike it midway between the ends. It shall stand 
without fracture five blows from a tup of 2240 lb. falling from a 
height H, such that H in feet equals the square of the diameter of 
the axle at the center in inches, H=d?. ‘The axle shall be turned 
through 180 deg. after the first and third blows. 

(b) Before an axle is drop tested, the center shall be calipered to 
the nearest 4 in., and the height of drop in feet, to the nearest 3 ft., 
shall not be less than the square of the actual diameter, at the center, 
in inches. 

(c) The permanent set produced by the first blow shall not exceed 
that given by the following formulas, in which L=length of axle in 
inches, and d=diameter of axle at center in inches. 

For axles over 65 in. in length: 


Te vs 
Giz = s + ie ht Sir DOS eS ce oh Ooo cy a doce. (1) 
For axles 65 in. or under in length: 
“ = ad + 1 2 
na 3 1)... .. 054-0 4 eee ee (2) 


(d) The American Railway Association has adopted five stand- 


.ard sizes of axles, the requirements for which, based on the above 


formulas, are given in the following table: 


TABLE ait 
1 Size of Diameter of Length Height Number Maximum 
Classification of Axles Journal, | Axle at Center,| of Axle, of Drop, of Blows | Permanent Set, 

in. in. in. tt, in. 

4% 18 8i 

Arp eo ae es 32 by 7 43 83+ 19 5 83 
45 20 8 

42 224 73 

Bins icc ist seamen, £ 4+ by 8 4% 844 23% 5 7+ 
5 25 7 

be 29 6 
COME IER PEC OTR: 5 by 9 55 863 30 5 6 

53 313 53 

by 343 oy 

1D PN RR: AMON 5% by 10 6 883 36 5 5+ 
6x 37% a 

675 ) 412 43 

Fre BE Be ES 6 by Il 63% j 902 43 5 4% 

646 44 4} 
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(ec) The maximum permanent set is the difference between the 
distance from a straight edge to the middle point of the axle, measured 
before the first blow, and the distance measured in the same manner 
after the blow. The straight edge shall rest only on the end collars 
or the ends of the axle. 

(f) The temperature of the test axle shall be between 40 and 
WOE At4 and 50° C.). 

7. The anvil of the drop-test machine shall be supported on 
12 springs, as shown on the A.R.A. drawings, and shall be free to 
move in a vertical direction, and shall weigh 17,500 lb. The radii 
of the striking face of the tup and of the supports shall be 5 in. 

8. One drop test shall be made from each melt. Not less than 
15 tons shall be offered from any one melt unless otherwise specified. 


IV. WORKMANSHIP AND FINISH 


9. (a) All axles shall be made and finished in a workmanlike 
manner and shall conform to the sizes and shaped specified by the 
customer and all journals and wheel seats shall be rough turned. In 
centering, unless otherwise specified, 60-deg. centers shall be used, 
with large diameter of counter-sink not less than 7 in. and with clear- 
ance drilled } in. deep. 

(b) Unless otherwise specified, axles shall be smooth forged, 
except the wheel seats and journals, which shall be rough turned. 

10. The axles shall be free from injurious defects and shall have 
a workmanlike finish. 


V. PERMISSIBLE VARIATIONS AND WEIGHTS 


11. (a) The length of the axles shall not be less than that speci- 
fied and not more than ¢ in. over. 

(b) Smooth Forged Axles——The diameters of the straight center 
portion of the axles and the black collars shall not be less than that 
specified, and shall not be more than { in. over. The intermediate 
portion of the axles shall not be under the dimensions specified, and 
shall be forged to a straight taper in a workmanlike manner. 

(c) Rough Turned Axles——The diameters of the straight center 
portion and the black collars shall not be less than that specified. 
The straight center portion shall not be more than } in. over, and the 
black collars not more than } in. over the diameter specified. ‘The 
intermediate portion of the axles shall not be under the dimensions 
specified, and shall be turned to a straight taper in a workmanlike 
manner. 
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(d) The POEMS turned diameter of the journals and wheel seats 
shall be from } to ¢ in. over the finished sizes to provide for proper 
finishing. 

12. (a2) The maximum weights of smooth-forged and rough- 
turned axles given in Section 6 (d) in any shipment shall not exceed 
those given in Table IT. 


TABLE II. 
Maximum Weight, lb. 
- : Size of Journal, 
Classification of Axles Be Smooth: Forred wail es F 
Rough Turned Jour- | Rough Turne 
nals and Wheel Seats All Over 
FA CERR ENTER ete) ot ew em ee Olay 2, 32 by 7 435 425 
BA Pape ou ee Ree a ein, Pha e ao hee 4+ by 8 530 520 
Oe eee eae SY EON ia athlete ae chm Ta AMEE ib 5 by 9 705 695 
[SUE CSUR YE No AEN anger Ar, OORT a 53 by 10 835 825 
Brean idk ce ro eet eine aka ae atte, Gutta f 6 by 11 1015 1005 


(b) Axles shown in Table II shall be billed at actual weight, 
except that all weight in excess of the above maximum figures shall 
be at the expense of the manufacturer. 


VI. MARKING 


13. Each axle shall have the manufacturer’s name or brand 
legibly stamped on one of the black collars, and the melt number, 
the month and year when made stamped on the other, unless other. 
wise specified. 


VII. INSPECTION AND REJECTION 


14. (a) The inspector representing the purchaser shall have free 
entry, at all times while work on the contract of the purchaser is 


being performed, to all parts of the manufacturer’s works which con- 


cern the manufacture of the axles ordered. The manufacturer shall 
afford the inspector, without charge, all reasonable facilities to satisfy 
him that the axles are being furnished in accordance with these speci- 
fications. Tests and inspection at the place of manufacture shall 
be made prior to shipment. 

(6) The purchaser may make the chemical tests to govern the 
acceptance or rejection of the axles in his own laboratory or elsewhere. 
Such tests, however, shall be made at the expense of the purchaser. 

(c) All tests and inspection shall be so conducted as not to inter- 
fere unnecessarily with the operation of the works. 
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15. (a) Unless otherwise specified, any rejection based on tests Rejection. 
made in accordance with Section 14 (0) shall be reported within five 
working days from the receipt of samples. 
(b) Axles which show injurious defects while being finished by 
the purchaser will be rejected, and the manufacturer shall be notified. 
16. Samples tested in accordance with Section 14 (b), which Rehearing. 
represent rejected axles, shall, be preserved for two weeks from the 
date of the test report. In case of dissatisfaction with the results of 
_ the tests, the manufacturer may make claim for a rehearing within 
that time. 
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FOR 
STRUCTURAL SILICON STEEL! 


Serial Designation: A 94-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to revision. 


ISSUED, 1925. 


1. These specifications cover a special high-strength structural 
steel intended primarily for use as main stress-carrying material of 


structural members. 
I MANUFACTURE 


2.-The steel shall be made by the open hearth-process. 
3. A sufficient discard shall be made from each ingot to secure 
freedom from injurious piping and undue segregation. 


II. CHEMICAL PROPERTIES AND TESTS 


4. The steel shall conform to the following eb as to 


chemical composition: 
LADLE ANALYSIS CHECK ANALYSIS 


Carbone per, Cents ay.cai didn citay eta eh cad slay not over 0.40 not over 0.44 
ACIAITS yd eee ee eS O06 re NL Ph ey 
fo ue a oe Sutter hel ents cme “4 0 040 
PULTE Per CED bac cises ase ey damm eee) etre mens ye an ‘te BO 0G8 
SLUGON A Der DCE task ere eae Cee eet ate ee me ‘“‘ under 0.20 “under 0.18 


5. An analysis of each melt of steel shall be made by the manu- 
facturer to determine the percentages of carbon, manganese, phos- 
phorus, sulfur and silicon. This analysis shall be made from a test 
ingot taken during the pouring of the melt. The chemical composi- 
tion thus determined shall be reported to the purchaser or his repre- 
sentative and shall conform to the requirements specified in Section 4 
for ladle analysis. 

6. Analyses may be made by the purchaser from finished material 
representing each melt. The chemical composition thus determined 
shall conform to the requirements specified in Section 4 for check 
analysis. 


1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. G. H. 
Woodroffe, Secretary of Committee A-1 on Steel, Reading Iron Co., Reading, Pa. 


(58) \ 
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III. PHYSICAL PROPERTIES AND TESTS 


7. (a) The material shall conform to the following requirements 
as to tensile properties: 


Pensile'strength, lb. per'sg. ‘in. fs03).... 63. Po Ee a eee ae 80 000 — 95 000 
nae epeinieimy Ib eipery $q.\ins bets) oy aie aera steine Cea ee 45 000 
Aes y ’ ; 1 500 0002 
Plongatvion\in’8 an.smin.}‘pér'centss Meri FV rath 
fens. str, 


Pe mecromorarear iit: PET Centr hi: veltieie Sey n win ne i 30° 


@ See Section 8. 
b See Section 9. 


(b) The yield point shall be determined by the drop of the beam 
of the testing machine when operated at a cross-head speed not greater 
than 3 in. per minute. The testing machine shall not be stopped to 
obtain the drop of the beam. 

8. For material over ? in. in thickness, a deduction from the 
percentage of elongation specified in Section 7 (a) of 0.25 per cent 
shall be made for each increase of jg in. of the specified thickness 
above 7 in., to a minimum of 14 per cent. 

9. For material over 2 in. in thickness, a deduction from the 
percentage of reduction of area sevice in Section 7 (a) of 0.50. per 
cent shall be made for each increase of ;/g in. of the specified thickness 
above # in., to a minimum of 24 per cent. 

10. The test specimen shall stand being bent cold through 180 
deg. without cracking on the outside of the bent portion around a 
pin, the diameter of which shall have the following relation to the 
thickness of the specimen: 


SPECIMEN THICKNESS Pin DIAMETER 
eM TELIOM INCISIVE Ok. NOR ile ihe ok bye ss isig eds 6 4 mya sed © qs 1 times the thickness 
Re eeeeer 1 ettl. ITICHISIVG Menta aes ee ne cn ot P eee anne 13“ as as 
Over Lins to it in, melusive:. 7... Ite AEE, SPP OT Ba Ty ed * 
err an ee. fic). Ve Oe ot dd desis ie ope elven: De i + a 


11. (a) Test specimens shall be prepared for testing from the 
material in its rolled or forged condition, except as specified in 
Paragraph (0). 

(b) Test specimens for annealed material shall be prepared from 
the material as annealed for use, or from a short length of a full section 
similarly treated. 

(c) Test specimens shall be taken longitudinally, and, except as 
specified in Paragraphs (e) and (f), shall be of the full thickness or 
section of material as rolled. 
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(d) Test specimens for plates, shapes and flats may be machined 
to the form and dimensions shown in Fig. 1, or with both edges parallel. 

(e) Tension test specimens for material over 1 in. in thickness or 
diameter may be machined to a thickness or diameter of at least 7 in., 
for a length of at least 9 in. 

(f) Bend test specimens for material over 14 in. in thickness or 
diameter may be machined to a thickness or diameter of at least { in. 
or to 1 by $ in. in section. 

(g) The machined sides of rectangular bend test specimens may 
have the corners rounded to a radius not over jg in. 


& 
a“ 


fo ! 

| 

| 1 a9 E (Parallel Section) | 
myiaies About 3 at Ve et not less thang” ct 
j | 
[ 


About2” 


| kf. I" ok ere 35 | 
i bil ad saat | 
rasa erm ne About. 19" --~-—enornemmesann 
Fic. 1. 
Number 12. (a) Two tension and one bend test shall be made from each 


of Tests. melt; except that if material from one melt differs 2 in. or more in 
thickness, one tension and one bend test shall be made from both 
the thickest and the thinnest material rolled. 

(b) If any test specimen shows defective machining or develops 
flaws, it may be discarded and another specimen substituted. 

(c) If the percentage of elongation of any tension test specimen 
is less than that specified in Section 7 (a) and any part of the fracture 
is outside the middle third of the gage length, as indicated by marks 
placed on the specimen before testing, a retest shall be allowed. 


IV. PERMISSIBLE VARIATIONS IN WEIGHT AND THICKNESS 


Permissible | 13. The cross-section or weight of each piece of steel shall not 
Variations. vary more than 2.5 per cent from that specified; except in the case 
of sheared plates, which shall be covered by the following permissible 
variations. One cubic inch of rolled steel is assumed to weigh 0.2833 lb. 


SERIAL DESIGNATION: A 94-25 T 61° 


(a) When Ordered to Weight per Square Foot: The weight of 
each lot! in each shipment shall not vary from the weight ordered 
more than the amount given in Table I. 


TABLE I.—PERMISSIBLE VARIATIONS OF RECTANGULAR PLATES ORDERED TO 
WEIGHT. 


Permissible Variations in Average Weights per Square Foot of Plates for 
Widths Given, Expressed in Percentages of Ordered Weights 


Ordered Weight, Under 48 to 60 to 72 to 84 to 96 to 108 to 120 to | 132 in. Ordered Weight, 


ee er | ceclie ti ecel mt cack’ | weet tL vextk | oxoke: La cree’: | tbs er eat 
Be) le eee te Pathe hayes heey wt ie [8 
6/S(S61SI16/SI6/ S61 S16 5/6/15 1615/1615 
Under 5.4 303% al ott} 6.0) OOP oaaan | 8 Under 5 
5 to 7.5 excl.| 4.513 |5 |3 | 5.5/3 16 |3 |... Va Wales lig ae Boba 5 «to 7.5 excl. 
opener eae 1S (i420) oaltom oso Ori! ath Glo TO ottan let cy mat hecg eters. | awe son) LOM eer 
HOMES AT O.DIT2-Dh 41.8) [ea Buoy) Ber ysb2b/ By Ey MS NBS ee Sy ie SO: a8 ded Op Uttara Fert 
12:5°°" 15 i” Dil Deol GD! oO LO omelet | owt Oeotea OM atid te aon. lal hy Dace | UL ytede on 
ioe eee epl opto | 2 so ele MOTT sal Oo | O° | sec DLOl Oot Goa cant kere le Lowe: Lge: 
17.5)" 20 i 25121 2.5192.5)) Sh eeeOl toch COLL Seioe | | 4201 olor qian Obi or | Ollie. [eteean, 120 1 ts 
205% 5° 25 os DN 2 162.5) 2 1 2.5) 2b s lac tocol 20140 1-8 s14.5h8 a6 1° 3 1.5.5))/8 15204 25 Ke 
2 80 eles lo io owe ee coltom lt 2.0 sol io tl a (hae th acolo ao Sr 2oene = 30 4 
30 “* 40 PEW See 2 CHOPIN eS OOo 1 Qibl6B.ol-o 1 el Bch. She Sys? "40 ry 
40 or over...... 22) 2 12 | Dike wid 2 42-5) 2) | 2.5] 2.5) 3} 2:5] 3.5) 38 14.13 | 40 or-over 


Notz.—The weight per square foot of individual plates shall not vary from the ordered weight by more than 14 
times the amount given in this table. 


TABLE IJ.—PERMISSIBLE OVERWEIGHTS OF RECTANGULAR PLATES ORDERED TO 
THICKNESS. 


Permissible Excess in Average Weights per Square Foot of Plates for 
Widths Given, Expressed in Percentages of Nominal Weights 


Ordered Ordered 
Thickness, aa RAE i a a SN aS NT TEE UE Aaa aT PL Esser | 
in. 48 to | 60 to | 72 to | 84 to | 96 to | 108 to | 120 to | 132 in. in. 
Under | 60 in., | 72 in. | 84 in., | 96 in., | 108 in.,| 120 in.,| 132 in.,| or 
48 in. | excl. | excl. | excl. | excl. excl. | excel. excl. over 
Under aot. 9 10 12 14 Under ¥ 
gto zs excl..... 8 9 10 12 ze ie %  tozs excl 
yn 7 8 9 10 12 6 iw’: 
Ga Hee TUT 6 7 8 9 10 12 14 16 19 |? “ a“ 
SS pha ea 5 6 7 8 9 10 12 14 1723] see" 
aay ¢ eee 4.5 5 6 7 8 9 10 12 3/2? “> “ 
Ae: Vaca 4 £255 \i.08 6 7 8 9 10 3 )/95"°% “ 
SS ais ian ee 3.5 4 £8 es 6 7 8 9 FB a Bas ee el ae 
en ag ghee 3 318 [ed 4.5 00" 5 6 7 8 gr al aim cau 
peat air) ik 2.5 3 Bub [A 4 4.5 | 5 6 7 Bi ee wee 
If0F OVER 26 6445. wh 2.0 2.5 3 3.5 4 4.5 5 6 ‘ 1 or over 


| (b) When Ordered to Thickness: The thickness of each plate shall 
not vary more than 0.01 in. under that ordered. 
The overweight of each lot! in each shipment: shall not exceed 


the amount given in Table II. 


'The term “lot’’ as applied to Table I means all of the plates of each group width and group 
weight; as applied to Table II, it means all of the plates of each group width and group thickness. 
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V. FINISH 


14. The finished material shall be free from injurious defects 
and shall have a workmanlike finish. 


VI. MARKING 


15. The name or brand of the manufacturer and the melt number 
shall be legibly stamped or rolled on all finished material. The melt 
number shall be legibly marked, by stamping if practicable, on each 
test specimen. 


VII. INSPECTION AND REJECTION 


16. The inspector representing the purchaser shall have free 
entry, at all times while work on the contract of the purchaser is 
being performed, to all parts of the manufacturer’s works which 
concern the manufacture of the material ordered. ‘The manufacturer 
shall afford the inspector, without charge, all reasonable facilities to 
satisfy him that the material is being furnished in accordance with 
these specifications. All tests (except check analyses) and inspection 
shall be made at the place of manufacture prior to shipment, unless 
otherwise specified, and shall be so conducted as not to interfere un- 
necessarily with the operation of the works. | 

17. (a) Unless otherwise specified, any rejection based on tests 
made in accordance with Section 6 shall be reported within five 
working days from the receipt of samples. 

(b) Material which shows injurious defects subsequent to its 
acceptance at the manufacturer’s works will be rejected, and the 
manufacturer shall be notified. 

18. Samples tested in accordance with Section 6, which represent 
rejected material, shall be preserved for two weeks from the date 
of the test report. In case of dissatisfaction with the results of the 
tests, the manufacturer may make claim for a rehearing within that 
time. 


TENTATIVE SPECIFICATIONS 
FOR 


CARBON-STEEL CASTINGS FOR VALVES, FLANGES AND 
FITTINGS FOR HIGH-TEMPERATURE SERVICE! 


Serial Designation: A 95-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. Itis not a Standard of the Society and is subject to revision. 


ISSUED, 1925. 


1. These specifications cover carbon-steel castings for valves, Mespriat 
flanges and fittings for service up to 750° F. (400° C.) total temper- “°Y""™ 
ature. 


I. MANUFACTURE 


2. The steel shall be made by one or more of the following pro- Process. 
cesses: open-hearth, electric-furnace, converter, or crucible. 
3. (a) All castings shall receive a heat treatment proper to the Heat 
design and chemical composition of the castings. bt adgacbtet 
(b) Heat treatment, unless otherwise specified by the purchaser, 
may consist of annealing, or of normalizing, or of normalizing followed 
by annealing, or of normalizing followed by a draw-back to a tempera- 
ture below the critical range. No castings which have been quenched 
in any liquid medium shall be offered under these specifications. 
(c) Annealing —The procedure for annealing shall consist in 
allowing the castings to cool, after pouring, to a temperature below 
the critical range. They shall then be uniformly reheated to the 
proper temperature to refine the grain and allowed to cool uniformly 
in the furnace. 
(d) Normalizing —The procedure for normalizing shall consist 
in allowing the castings to cool, after pouring, to a temperature below 
the critical range. ‘They shall then be reheated to the proper tem- 
perature to refine the grain and allowed to cool in still air. 


II. CHEMICAL PROPERTIES AND TESTS 


4. (a) The castings shall conform to the following requirements Chemical, 
‘i Sie : ae Te A Composition. 
as to chemical composition, except that the following limitations for 
1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. G. H. 
Woodroffe, Secretary of Committee A-1 on Steel, Reading Iron Co., Reading, Pa. 
(63) 
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carbon, manganese and silicon are intended to show desired composi- 
tion and are not to be used for rejection: 


Carbone. 5S al La Td ase ee ye 0.15 — 0.40 per cent 
Manganese, Hk SEL Pc Ee VAI Sole Gok not under 0.50 rf 
eit L tu 8) 6 POM uM Ee BEE SM eS OTT a Akan Ag Mea ante not under 0.20 
Phosphortig nya tre tac see ake ON uh, 5 ahs ee not over 0.05 i 
Sula BAU Ue Re REE Pewee not over 0.05 4 


(b) Manufacturers submitting proposals to furnish material 
under these specifications shall specify, with their proposals, the 
limits of carbon, manganese and silicon which they will accept as a 
basis for rejection. 

5. An analysis of each melt of steel shall be made by the manu- 
facturer to determine the percentages of the elements specified in 
Section 4. This analysis shall be made from drillings taken at least 
+ in. beneath the surface of a test ingot obtained during the pouring 
of the melt. The chemical composition thus determined shall be 
reported to the purchaser or his representative and shall conform to 
the requirements specified in Section 4. 

6. Analyses may be made by the purchaser from the broken 
tension test specimen or from a casting representing each melt. ‘The 
chemical composition thus determined shall conform to the require- 
ments specified in Section 4. Samples for analysis shall be taken 
not less than 7 in. beneath the surface, except in the case of castings 
which are too thin, and shall be taken in such a manner as not to 
impair the usefulness of the casting. 


III. PHYSICAL PROPERTIES AND TESTS 


7. (a) The castings shall conform to the following minimum 
requirements as to tensile properties: 


Tensile strength, tb: per isq sin. iad. die. adi, ae 70 000 
Naeld point, 1b, per, Sal ants cris srejesargipvesavel he «ps jon henselae 36 000 
Hlonpation in 2:1n., perCent, 2.05... as len ag on cree 22 
Reduction of.area, per cent .\6 2: é ayes son nade ee 30 


(b) The yield point shall be determined by the drop of the beam 
of the testing machine at a cross-head speed not to exceed # in. per 
minute. ‘The tensile strength shall be determined at a speed not to 
exceed 13 in. per minute. 

8. (a) Bend tests shall be required for castings only when so 
specified in the order. 

(b) When a bend test is specified, the test specimens shall stand 
being bent cold through an angle of 90 deg. around a pin 1 in. in 
diameter, without cracking on the outside of the bent portion. 


A 
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9. (a) Tension test specimens, and, when a bend test is specified, 
bend test specimens, shall be taken from test bars cast attached to 
the castings where practicable. If the design of the castings is such 
that test bars should not be attached to the castings, the test bars 
shall be cast attached to special blocks, a sufficient number of which 
shall be provided for each lot of castings. Test bars from which 
tension and bend test specimens are to be taken shall remain attached 
to the castings or blocks they represent through heat treatment and 


Test 
Specimens. 


until presented for inspection. ‘Test bars shall be provided in suffi-— 


cient numbers to furnish the tests required in Section 10. 


Radius Gees “4 arene S57 Note :- The Gage Length, 
ee arallel section Parallel Section, and 
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(b) If satisfactory to the manufacturer and inspector, tension 
test specimens may be cut from heat-treated castings, instead of 
from test bars. 

(c) Tension test specimens shall conform to the dimensions 
shown in Fig. 1. The ends shall be of a form to fit the holders of 
the testing machine in such a way that the load shall be axial. 

(d) Bend test specimens shall be machined to 1 by # in. in section 
with the corners rounded to a radius of not over 7g in. 

10. (a) One tension test and, when specified, one bend test shall 
be made from each melt in each heat-treatment charge and, when 
specified, from each casting weighing 500 Ib. or over. 

(b) If any test specimen shows defective machining or develops 
flaws, it may be discarded; in which case another specimen from the 
same lot shall be substituted. 

(c) If the percentage of elongation of any tension test specimen 
is less than that specified in Section 7 (a) and any part of the fracture 
is more than 3 in. from the center of the gage length, as indicated by 
scribe scratches marked on the specimen before testing, a retest shall 
be allowed. 
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11. If the results of the physical tests for any lot do not conform 
to the requirements specified, such lot may be re-treated, but not 
more than twice. Retests shall be made as specified in Sections 7 


and 8. 
IV. WORKMANSHIP AND FINISH 


12. The castings shall conform substantially to the shapes and 
sizes indicated by the patterns and drawings submitted by the 
purchaser. 

13. (a) The castings shall be free from injurious defects. 

(b) Defects which do not impair the strangth of the castings may 
be welded by an approved process. ‘The defects shall be cleaned out 
to solid metal, before welding, and when so required by the inspector, 
shall be submitted to him in this condition for his approval. All 
castings shall be heat-treated after welding in accordance with the 
requirements in Section 3. 


V. INSPECTION AND REJECTION 


14. (a) The inspector representing the purchaser shall have 
free entry, at all times while work on the contract of the purchaser 
is being performed, to all parts of the manufacturer’s works which 
concern the manufacture of the castings ordered. ‘The manufacturer 
shall afford the inspector, without charge, all reasonable facilities to 
satisfy him that the castings are being furnished in accordance with 
these specifications. 

(b) If, in the case of important castings for special purposes, 
surface inspection in the green state is required, this shall be so speci- 
fied in the order. 

(c) All tests (except check analyses) and inspection shall be 
made at the place of manufacture prior to shipment, unless otherwise 
specified, and shall be so conducted as not to interfere unnecessarily 
with the operation of the works. 

15. (a) Unless otherwise specified, any rejection based on tests 
made in accordance with Section 6 shall be reported within five work- 
ing days from the receipt of samples. 

(6) Castings which show injurious defects subsequent to their 
acceptance at the manufacturer’s works will be rejected and the 
manufacturer shall be notified. 

16. Samples tested in accordance with Section 6, which represent 
rejected castings, shall be preserved for two weeks from the date of 
transmission of the test report. In case of dissatisfaction with the 
results of the tests, the manufacturer may make claim for a rehearing 
within that time. 


TENTATIVE SPECIFICATIONS 
FOR 


ALLOY-STEEL BOLTING MATERIAL FOR HIGH- 
TEMPERATURE SERVICE! 


Serial Designation: A 96-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to annual revision. 


IssuED, 1925 


1. (a) These specifications cover alloy-steel bolting material for Material 
valves, flanges and fittings for temperatures from 400 to 750° F. (205 Covered. 
to 400° C.), inclusive. The term “bolting material” as used in these 
specifications covers rolled, forged or cold-drawn bars, and _ bolts, 
screws and studs. 

(b) Three classes of material are covered, A, B and C, classified 
in accordance with their physical properties as specified in Section 10. 

(c) Nickel, chrome-nickel, chrome-vanadium, chrome-manganese 
or any other types of alloy steel approved by the purchaser may be 
submitted under these specifications. 

2. When agreed upon between the manufacturer and the pur- Basis of 
chaser, Brinell hardness tests may be made to determine the accept- Purchase. 
ance of bolting material in lieu of the tension tests herein specified; 
but shall not be used as a basis for rejection without confirming tension 
tests being made. 

3. Unless otherwise specified on the order, a certification that Certification 
bolts, screws and studs for valves and other fittings intended for stock of Test for 

wie : Bolts, Screws 
and other purposes requiring assembly in the manufacturer’s plant and Studs. 
conform to the requirements of these specifications, shall be accepted 
in lieu of the tests herein specified. 


I. MANUFACTURE 


4, The steel shall be made by one or more of the following pro- Process. 
cesses: open-hearth, electric-furnace or crucible. 


1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. G. H. 
Woodroffe, Secretary of Committee A-1 on Steel, Reading Iron Co., Reading, Pa. 
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5. A sufficient discard shall be made from each ingot to secure 
reedom from injurious piping and undue segregation. 

6. (a) Heat treatment shall consist of quenching and tempering. 

(b) Immediately after rolling or forging, the bolting material 
shall be allowed to cool to a temperature below the critical range 
under suitable conditions to prevent injury by too rapid cooling. For 
quenching and tempering, the material shall then be uniformly 
reheated to the proper temperature to refine the grain (a group thus 
reheated being known as a ‘‘quenching charge’) and quenched in 
some medium under substantially uniform conditions for each quench- 
ing charge. ‘The material shall then be uniformly reheated to the 
proper temperature for tempering or “‘drawing back” (a group thus 
reheated being known as a ‘‘tempering charge”’) and allowed to cool 
uniformly. 


II. CHEMICAL PROPERTIES AND TESTS 


7. (a) The steel shall conform to the following requirements as 
to chemical composition: 

PHOSphorus, per Cent, Vic uhe ocusc s\atehetal avis "a o.o: cache eee not over 0.04 
Sulu, Per Cent. ee sat a eater Facctals eusOeeee Shots See an not over 0.05 

(b) The composition of the steel furnished under these specifica- 
cations, other than phosphorus and sulfur, shall be agreed upon by 
the manufacturer and the purchaser. 

NoTE.—It is recommended that the carbon content shall not be less than 0.20 
nor more than 0.45 per cent, and that the carbon ranges shall be 0.10 percent of 
carbon. 

8. An analysis of each melt of steel shall be made by the steel 
manufacturer to determine the percentages of the elements present. 
This analysis shall be made from a test ingot taken during the pouring 
of the melt. The chemical composition thus determined shall be 
reported to the purchaser or his representative, and shall conform to 
the requirements specified in Section 7. 

9. Analyses may be made by the purchaser from samples repre- 
senting the bolting material. ‘The chemical composition thus deter- 
mined shall conform to the requirements specified in Section 7, except 
that the rejection limit for phosphorus shall be 0.05 per cent and for 
sulfur 0.055 per cent. 


III. PHYSICAL PROPERTIES AND TESTS 


10. (a) The bolting material, after final heat treatment, shall 
conform to the following requirements as to tensile properties: 
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Crass A Ciass B Crass C 
Tensile strength, lb. per sq.in.. 95 000-115 000 105 000-125 000 not less than 
125 000 
Yield point, min., lb. per sq. in.. 70 000 80 000 105 000 
Elongation in 2in., min., per cent 20 20 16 
Reduction of area, min., per cent 50 50 50 


(b) The yield point shall be determined by the drop of the beam 
of the testing machine or by the use of dividers. 

11. (2) When Brinell hardness tests are made, the bolting Brinell 
material, after final heat treatment, shall conform to the following 73xenes* 


requirements: ' 


BRINELL" HARDNESS 
NUMBER 34 
Be eee ibs ih :.5) 4.0 baba Meiners cami he. Lande Ace anears 190 — 250 
ee 552 eS a aed oe aN ea ag RE ay 210-270 
VOCAL eS Set 28 TA Ee gl RS MORRO RE SEER CANM A Gio 260 — 320 


(b) The Brinell hardness test shall be made in accordance with 
the Tentative Methods of Brinell Hardness Testing of Metallic 
Materials (Serial Designation: E 10-25 T) of the American Society 
for Testing Materials.! 


Radiisuraf lest. \evsiccaeen: 2 iiss 
thang. | Parallel Section 
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12. (a) The tension test specimens taken from the bolting Tension Test 
material shall conform to the dimensions shown in Fig. 1, except as SPecimens. 
specified in Paragraph (b). The ends shall be of a form to fit the 
holders of the testing machine in such a way that the load shall be 
axial. 

(b) In the case of small sections which will not permit of taking 
the standard tension test specimen specified in Paragraph (a), the 
tension test specimen shall be as large as feasible and its dimensions 
shall be proportional to those shown in Fig. 1. ‘The gage length for 
measuring elongation shall be four times the diameter of the specimen.” 

1See p. 788. 


2These requirements are in accordance with the provisions of Section 5 of the Tentative 
Methods of Tension Testing of Metallic Materials (Serial Designation: E 8-25 T), see p. 770. 
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13. (a) Except as specified in Paragraph (6), one tension test 
shall be made for each lot of 100 pieces or less of bolting material 
from each tempering charge. If more than one quenching charge is 
represented in a tempering charge, one tension test shall be made 
from each lot of 100 pieces or less from each quenching charge. If 
more than one melt is represented in a quenching charge, one tension 
test shall be made from each lot of 100 pieces or less from each melt. 

(b) Unless required on the order, tension tests shall not be made 
on an order of less than 100 bolts, screws or studs; in which case 
acceptance shall be based upon the provisions in Sections 2 or 3.. 

(c) If any test specimen shows defective machining or develops 
flaws, it may be discarded and another specimen substituted. 

(d) If the percentage of elongation of any test specimen is less 
than that specified in Section 10 (a) and any part of the fracture is 
outside of the middle three-fourths of the gage length, as indicated 
by scribe scratches marked on the specimen before testing, a retest 
shall be allowed. 

14. If the results of the physical tests of any lot of bolting material 
do not conform to the requirements specified, the manufacturer may 
re-treat such lot one or more times and retests shall be made as speci- 
fied in Section 13 (a). 


IV. WORKMANSHIP AND FINISH 


15. The bolting material shall be free from injurious defects and 
shall have a workmanlike finish. 

16. Bolts and studs shall be equipped with cold-punched semi- 
finished carbon-steel nuts of U. S. Standard rough dimensions, cham- 
fered and trimmed. If washers are used under nuts they shall be of 
forged or rolled steel. All nuts and washers shall be free from injurious 
defects and shall have a workmanlike finish, and shall conform to the 
chemical requirements for phosphorus and sulfur specified in Sections 
7 (a) and 9. 

17. U. S. Standard threads shall be used, except that no stud 
shall have less than eight threads per inch. 


V.. MARKING 
18. Identification marks to be stamped on bolting material shall 
be agreed upon between the manufacturer and the purchaser. 


VI. INSPECTION AND REJECTION 


19. (a) The inspector representing the purchaser shall have free 
entry, at all times while work on the contract of the purchaser is 
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being performed, to all parts of the manufacturer’s works which con- 
cern the manufacture of the bolting material ordered. The manu- 
facturer shall afford the inspector, without charge, all reasonable 
facilities to satisfy him that the bolting material is being furnished 
in accordance with these specifications. Tests and inspection at the 
place of manufacture shall be made prior to shipment. 

(b) The purchaser may make the tests to govern the acceptance 
or rejection of the bolting material in his own laboratory or elsewhere. 
Such tests, however, shall be made at the expense of the purchaser. 

(c) Tests and inspection shall be so conducted as not to interfere 
unnecessarily with the operation of the works. 

20. (a) Unless otherwise specified, any rejection based on tests 
made in accordance with Section 19 (0) shall be reported within five 
working days from the receipt of samples. 

(6) Bolting material which shows injurious defects while being 
finished by the purchaser will be rejected and the manufacturer shall 
be notified. 

21. Samples tested in accordance with Section 19 (0), which 
represent rejected bolting material, shall be preserved for two weeks 
from the date of the test report. In case of dissatisfaction with the 
results of the test, the manufacturer may make claim for a rehearing 
within that time. 
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TENTATIVE. SPECIFICATIONS 
FOR 
TUNGSTEN POWDER! 


Serial Designation: A 97-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It isnot a Standard of the Society and is subject to annual revision. 


IssuED, 1925 


1. These specifications cover tungsten powder in one grade only. 

2. The tungsten powder shall be thoroughly mixed and packed 
in sound containers preferably metallic or metallic lined and sufh- 
ciently strong to prevent loss in transportation. 

3. The material shall conform to the following requirements as 
to chemical composition: 


Metallic Tungsten smigiaviim a: 2h ees oh ee 95.00 per cent 
Carbon, maxiniini: Oe Ga ecole alee cies ee Cee 0.50 G 
Soar a RTI a aa ee ates ae ee ce re 0.05 af 
Phosphorus, maximum. 4s. 5 4 15) Aes esse eae 0.05 . 
PNY OH, TRIE UTINY c yore ae tee are ie ne one te en er 1.00 " 
Silieonigtmaa Xtal 3.04 ae eae ee ee eae 0.75 
Pin fone xa ett: RS Adee eee eer pe 0.03 ry 
Copper innards) ction dudanet saints ieee eave ees ae 0.03 i 
ATSEHIC A Ma RINT UIT! oc Wey drut e hulen uct ela eee 0.03 oH 
VSt TeinehbhG abyaunrsy. shee heh en MMM batn wend» eidiub Nie Dun thi wae Wotan. 0.03 iy 
PANUMONY OAK sey coe eer 2 eee 0.03 . 


4. When agreed upon by the purchaser and seller the sampling 
shall be carried out in accordance with the Tentative Methods of 
Sampling Ferro-Alloys (Serial Designation: A 103 - 25 T) of the Amer- 
ican Society for Testing Materials.? 

5. When agreed upon by the purchaser and seller the chemical 
analysis shall be carried out in accordance with the Tentative Methods 
of Chemical Analysis of Ferro-Alloys (Serial Designation: A 104-25 T) 
of the American Society for Testing Materials.’ 

1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. Charles 
McKnight, Jr., Secretary of Committee A-9 on Ferro-Alloys, International Nickel Co., 67 Wall St., 


New York City. 
2See p. 85. %See p. 90. 
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TENTATIVE SPECIFICATIONS 
FOR 
SPIEGELEISEN! 


Serial Designation: A 98-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. Itis not a Standard of the Society and is subject to annual revision. 


ISSUED, 1925 


1. These specifications cover two grades of spiegeleisen, as follows: Grades. 


Grade A; and 
Grade B. 


2. The spiegeleisen shall be furnished in pigs or lumps and each Basis of 
shipment shall be uniform as to the grade specified. eretese, 
3. The material shall conform to the following requirements as Chemical Re- 


to chemical composition: Ce ae 
CARBON, PHOSPHORUS, SULFUR, SILICON, 
MANGANESE, MAX., MAX., MAX., MAX., 
PER CENT PER CENT PER CENT PER CENT PER CENT 
Grae A... 19 to 21 6.50 O55 0.04 as specified 
See, Fas. 35; 16 to 19 6.50 0.25 0.05 as specified 


4. When agreed upon by the purchaser and seller the sampling Sampling. 
shall be carried out in accordance with the Tentative Methods of 
Sampling Ferro-Alloys (Serial Designation: A 103 —25 T) of the Amer- 
ican Society for Testing Materials.? 

5. When agreed upon by the purchaser and seller the chemical Methods of 
analysis shall be carried out in accordance with the Tentative Methods Aneat 
of Chemical Analysis of Ferro-Alloys (Serial Designation: A 104-25 T) 
of the American Society for Testing Materials.’ 

1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. Charles 
McKnight, Jr., Secretary of Committee A-9 on Ferro-Alloys, International Nickel Co., 67 Wall St., 


New York City. 
2See p. 85. 3See p. 90. 


(73) 


Grades. 


Basis of 
Purchase. 


Chemical Re- 
quirements. 


Sampling. 


Methods of 
Chemical 
Analysis. 


TENTATIVE SPECIFICATIONS 
FOR 
FERRO-MANGANESE!} 


Serial Designation: A 99-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It isnot a Standard of the Society and is subject to annual revision. 


ISSUED, 1925 


1. These specifications cover ferro-manganese in one grade only. 

2. Ferro-manganese shall be furnished in pigs, lumps, crushed 
or screened to size, as specified. 

3. The material shall conform to the following requirements as 
to chemical composition: 


Manvanese, siitiiinitina: iabedeiniorsst e sekae wale ves hee 78.00 per cent 
Phosphortis Maximum, s)tak wes eau eee: id ER 0.35 ‘' 
Orig slevatgmiunts). cheat aed waletn meow, MO ULe | ery bce eign | TA 3 
WIMGOR Tia Rit In fe fer ween eet eta ae Ue Wh eee 1-00 =: 
SulFary maxiiitima poy re Pee ete hc 0, 050° 


4. When agreed upon by the purchaser and seller the sampling | 
shall be carried out in accordance with the Tentative Methods of 
Sampling Ferro-Alloys (Serial Designation: A 103 — 25 T) of the Amer- 
ican Society for Testing Materials.” 

5. When agreed upon by the purchaser and seller the chemical 
analysis shall be carried out in accordance with the Tentative Methods 
of Chemical Analysis of Ferro-Alloys (Serial Designation: A 104-25 T) 
of the American Society for Testing Materials.® 

1 Criticisms of these Tentative Spec Beatin are solicited and should be directed to Mr. Charles 
McKnight, Jr., Secretary of Committee A-9 on Ferro-Alloys, International Nickel Co., 67 Wall St., 


New York City. 
2See p. 85. %See p. 90. 
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TENTATIVE SPECIFICATIONS 
FOR 
FERRO-SILICON! 


Serial Designation: A 100-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to annual revision. 


ISSUED, 1925 


1. These specifications cover three grades of ferro-silicon, as Grades. 
follows: 
Grade A; 
Grade B; and 
Grade C. 


2. (a) The ferro-silicon shall be furnished in lumps, or crushed Basis of 
or screened to size, as specified. hohe citi 
(0) When furmehed in lump or granulated form the ferro-silicon 
shall be free from excessive disintegration. 
3. The material shall conform to the following requirements as Chemical Re- 
to chemical composition: — quirements. 


GRADE A GRADE B GRADE C 
wileon, per Cent... ...0.1. 47.00 to 53.00 72.00 to 78.00 85.00 to 95.00 


4, An analysis of each shipment of ferro-silicon shall be furnished 
the purchaser, showing the percentage of silicon. 

5. When agreed upon by the purchaser and seller the Boning Sampling. 
shall be carried out in accordance with the Tentative Methods of 
Sampling Ferro-Alloys (Serial Designation: A 103 — 25 T) of the Amer- 
ican Society for Testing Materials.” 

6. When agreed upon by the purchaser and seller the chemical Methods of 
analysis shall be carried out in.accordance with the Tentative Methods Kaas 
of Chemical Analysis of Ferro-Alloys (Serial Designation: A 104-25 T) 
of the American Society for Testing Materials.’ 

1 Criticisms of these Tentative Specifications are solicited and should be directed to “Mr. Charles 
McKnight, Jr., Secretary of Committee A-9 on Ferro-Alloys, International Nickel Co., 67 Wall St., 


New York City. 
2See p. 85. 4See p, 90. 
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TENTATIVE SPECIFICATIONS 
FOR 
FERRO-CHROMIUM! 


Serial Designation: A 101-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to annual revision. 


ISSUED, 1925 


1. These specifications cover ferro-chromium in four grades, as 
follows: 
High Carbon, Grade A; 
Low Carbon, Grades B, C and D. 


2. Ferro-Chromium, Low Carbon.—This material shall be crushed 
to the specified size and mixed before packing, so that the quality in 
each package is uniform with the lot. 

Ferro-Chromium, High-Carbon.—This material shall be furnished 
to size as specified. 

3. The material shall conform to the following requirements as 
to chemical composition: 


High Carbon Low Carbon 
Grade A Grade B Grade C Grade D 
Chromium, per cent......... ines = ren 60.00 to 75.00 60.00 to 75.00 sta to oe 
.00 to 8. under 1.0 
Carbon, per gent......+... {| “eeviged |} 1-80%0 2.00 | 1.0040 1.50 {] tinder 10g 
Silicon, per cent............. as specified as specified as specified as specified 


2 Grade D material may be obtained with various maxima carbon contents down to 0.10 per cent of carbon. 


4. When agreed upon by the purchaser and seller the sampling 
shall be carried out in accordance with the Tentative Methods of 
Sampling Ferro-Alloys (Serial Designation: A 103 — 25 T) of the Amer- 
ican Society for Testing Materials.? 

5. When agreed upon by the purchaser and seller the chemical 
analysis shall be carried out in accordance with the Tentative Methods 
of Chemical Analysis of Ferro-Alloys (Serial Designation: A 104-25 T) 
of the American Society for Testing Materials.’ " 

1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. Charles 
McKnight, Jr., Secretary of Committee A-9 on Ferro-Alloys, International Nickel Co., 67 Wall St., 
New York City. 


2See p. 85. '%See p. 90. 
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TENTATIVE SPECIFICATIONS 
1 FOR 
FERRO-VANADIUM!} 


Serial Designation: A 102-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It isnot a Standard of the Society and is subject to annual revision. 


ISSUED, 1925 


1. These specifications cover ferro-vanadium in four grades, as Grades. 
follows: 
Grade A; 
Grade B; 
Grade C; and 
Grade D. 


2. The material furnished under this specification shall be crushed Basis of 
to the specified size, and mixed before packing, so that the quality in Purchase. 
each package is uniform with the lot. The material shall be packed 
in sound containers, sufficiently strong to prevent loss in transpor- 
tation. 
3. The material shall conform to the following requirements as Chemical Re- 


e e e 7 n - 
to chemical composition: ile die 
Grade A Grade B Grade C Grade D 
Vanadium, per cent........... 30.00 to 40.00 30.00 to 40.00 35.00 to 45.00 35.00 to 45.00 
Carbon, per cent.............. 3.00 to 6.00 1.5 to 3.00 not over 1.5 not over 0.75 
Silicon, per cent.........:..... 8.00 to 15.00 5.00 to 8.00 not over 2.00 not over 2.00 
Phosphorus, per cent.......... not over 0.250 not over 0.250 not over 0.150 not over 0.100 
Sulfur, per cent............... not over 0.300 not over 0.300 not over 0.200 not over 0.100 
Aluminum, per cent........... not over 2.00 not over 2.00 not over 2.00 not over 1.00 


4. When agreed upon by the purchaser and seller the sampling Sampling. 
shall be carried out in accordance with the Tentative Methods of 
Sampling Ferro-Alloys (Serial Designation: A 103 — 25 T) of the Amer- 
ican Society for Testing Materials.? 

5. When agreed upon by the purchaser and seller the chemical Methods of 
analysis shall be carried out in accordance with the Tentative Methods Austral 
of Chemical Analysis of Ferro-Alloys (Serial Designation: A 104-25 T) 
of the American Society for Testing Materials.® 

1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. Charles 
McKnight, Jr., Secretary of Committee A-9 on Ferro-Alloys, International Nickel Co., 67 Wall St., 


New York City. 
2See p. 85. %See p. 90. 
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TENTATIVE SPECIFICATIONS 
FOR 
HOLLOW STAYBOLT IRON! 


Serial Designation: A 86-25 T. 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. 


IssUED, 1921; REVISED, 1925. 


I. MANUFACTURE. 


1. The iron shall be rolled from a bloom, slab pile or box pile, made 
wholly from reworked puddled pig iron or reworked knobbled charcoal 
iron. ‘The puddle mixture and the component parts of the bloom, 
slab pile or box pile shall be free from any admixture of iron scrap or 
steel. 

2. (a) Bloom.—A bloom is a solid mass of iron that has been 
hammered into a convenient size for rolling. 

(b) Slab pile—A slab pile is built up wholly of flat bars of iron 
of the full length of the pile. 

(c) Box pile—A box pile is a pile, the sides, top and bottom of 
which are formed by four flat bars and the interior of which consists 
of a number of small bars the full length of the pile. 

(d) Iron Scrap.—This term applies only to foreign or bought 
scrap and does not include local mill products free from foreign or 
bought scrap. 


II. CHEMICAL PROPERTIES AND TESTS. 


3. The iron shall conform to the following requirement as to 
chemical composition: 


Manganese: cg. acthivine st, siait sks Shitemn ahs sa @ diets not over 0.10 per cent. 


4. (a) An anlysis may be made by the purchaser from a broken 
tension test specimen representing each lot as specified in Section 
10 (a). The chemical composition thus determined shall conform to 
the requirement specified in Section 3. 

1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. C. C. 
Osterhout, Secretary of Committee A-2 on Wrought Iron, Rome Iron Mills, Inc., Rome, N. Y. 
(78) 


SERIAL DESIGNATION: A 86-25 T. 79 
(b) Drillings for analysis shall be so taken as to represent the 
entire cross-section of the specimen. 


III. PHYSICAL PROPERTIES AND TESTS. 


5. (a) The iron shall conform to the following requirements as 
to tensile properties: 


petia@ streue tl. 1D. Dem Scutil ay x oa eal exe Ge diate cages dee 48 000 — 52 000 
Poiqieeostus witt- Ib Se pemorttbe sc. cre s Sete eect cies 0.6 tens. str. 
Elongation, when measured in 8 in., min., per cent...” 28 
Elongation, 66 66 66 4 6c 66 66 35 
PREGUOLION) OF Area,’ MIN. APEF CONE pil pile wie eg bw Seve Sie 42 


(b) The yield point shall be determined by the drop of the beam 
of the testing machine. ‘The speed of the cross-head of the machine 
shall not exceed # in. per minute. 

(c) In calculating the tensile strength and elastic limit, the area of 
a zz-in. hole shall be deducted from the area of the bar, but the area 
of the hole shall be disregarded in calculating the reduction of area. 

6. (a) The test specimen shall withstand being bent cold through 
180 deg. flat on itself in both directions, without fracture on the outside 
of the bent portion. 

(b) Bend tests may be made by pressure or by blows. 

7. A piece not less than 2 in. long shall be split open from end to 
end by driving a drift or wedge through the hole. ‘The structure thus 
exhibited shall be free from signs of imperfect welding and the presence 
of slag or scale in the welds. 7 

8. ‘The cross-section of the test specimen shall be ground or 
polished, and etched’ for a sufficient period to develop the structure. 
This test shall show the material to have been rolled from a bloom, 
slab pile or box pile, and to be free from steel. 

9. All test specimens shall be of the full section of material as 
rolled. 

10. (a) Bars of one size shall be sorted into lots of 1600 lineal 
feet. Two samples shall be selected at random from each lot and 
tested as specified in Sections 5, 6 and 7; but only one of these shall 
be tested as specified in Sections 4 and 8. 

(b) If any of the samples originally selected to represent a lot of 
material contains surface defects not visible before testing but visible 
after testing, or if a tension test specimen breaks outside the middle 
third of the gage length, the individual sample shall be rejected and one 
retest from a different bar or bolt will be allowed. 

1A solution of 10 per cent hydrochloric acid (sp. gr. 1.19), 30 per cent sulfuric acid (an gr. 1.84), 


and 60 per cent water; or 25 per cent nitric acid (sp. gr. 1.42), and 75 per cent water, is recom- 
mended for the etch test. 
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80 TENTATIVE SPECIFICATIONS FOR HOLLOW STAYBOLT IRON. 


IV. PERMISSIBLE VARIATIONS IN GAGE. 


11. The bars shall be truly round within 0.01 in. and shall be not 
less than 0.005 in. over, nor more than 0.020 in. over the specified 
diameter. 


V. sb INISH. 


12. The bars shall be smoothly rolled and free from slivers, 
depressions, seams, crop ends, and evidences of being burnt. 


>» 


VI. MARKING. 
13. The material shall be suitably marked for identification. 


VII. INSPECTION AND REJECTION. 


14. (a) The inspector representing the purchaser shall have free 
entry, at all times while work on the contract of the purchaser is being 
performed, to all parts of the manufacturer’s works which concern 
the manufacture of the material ordered. ‘The manufacturer shall 
afford the inspector, free of charge, all reasonable facilities to satisfy 
him that the material is being furnished in accordance with these 
specifications. Tests and inspection at the place of manufacture 
shall be made prior to shipment. 

(6) The purchaser may make the tests to govern the acceptance 
or rejection of material in his own laboratory or elsewhere. Such 
tests, however, shall be made at the expense of the purchaser. — 

(c) All tests and inspection shall be so conducted as not to 
interfere unnecessarily with the operation of the works. 

15. (a) If either of the samples selected to represent a lot does 
not conform to the requirements specified in Sections 3, 5 6, 7, 8 and 
9, the lot will be rejected. 

(b) Unless otherwise specified, any rejection based on tests made 
in accordance with Section 14 (6) shall be reported within five working 
days from the receipt of samples. 

(c) Bars which will not take a clean, sharp thread with dies in 
fair condition, or which develop defects in forging or machining, will 
be rejected, and the manufacturer shall be notified. 

16. Samples tested in accordance with Section 14 (0), which 
represent rejected material, shall be preserved for two weeks from 
the date of the test report. In case of dissatisfaction with the results 
of the tests, the manufacturer may make claim for a rehearing within 
that time. 


td 


TENTATIVE SPECIFICATIONS 
FOR 
HOT-DIPPED GALVANIZED SHEETS! 


Serial Designation: A 93 — 24 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to annual revision. 


IssuED, 1924 


1. These specifications cover hot-dipped bessemer steel, open- Scope. 
hearth steel, open-hearth iron and wrought-iron sheets of three classes, 
as follows: 
Class A—Flat or corrugated sheets that are not intended to 
be formed. 
Class B—Flat or corrugated sheets to be curved to a large 
radius. 
Class C—Flat sheets for miscellaneous purposes. 


I. CHEMICAL PROPERTIES AND TESTS 


2. These specifications contain no detailed requirements for the Chemical 
chemical composition of the base metal. If base metal containing ComPosition. 
copper is specified, it shall conform to the following requirements: 


crea TMCIATIIICLIEN] tracey eee eee th sc <x didi aha. Sha cubes 0.20 per cent 


3. An analysis of copper-bearing sheets may be made by the check 
purchaser from the test specimen specified in Section 6. The copper 42#!¥sis- 
content thus determined shall conform to the requirement specified 
in Section 2. 

4. (a) The weight of the zinc coating shall conform to the Zinc 
requirements specified in Table I, the average being taken of the Coatine- 
chemical determination from three specimens 2% in. square cut from 
the ends and middle of the sheet as specified in Section 7; provided, 
however, that the coating on any one of the three specimens shall be 
at least 75 per cent of the minimum average weight of coating specified 
in Table I. 


1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. James 
Aston, Secretary of Committee A-5 on Corrosion of Iron and Steel, A. M. Byers Co., Pittsburgh, Pa. 
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(b) The weight of the zinc coating shall be determined by the 
basic lead acetate, hydrochloric acid - antimony chloride or sulfuric- 
permanganate method. 

(c) The weight of coating specified in Table I is the total coating 
on both sides of a sheet 1 ft. square, the numerical value of which 
in ounces is the same as that determined in grams from a sample 2; in. 
square. \ 

II. PHYSICAL PROPERTIES AND TESTS 


5. (a) Base Metal Tests—Any portion of the test specimen 
specified in Section 6 shall bend cold through 180 deg. flat on itself 
without fracture of the base metal. For steel, the bend may be made 


TABLE I.—WEIGHT OF COATING. 


MINIMUM AVERAGE WEIGHT OF COATING, 


GALVANIZED OZ. PER SQ. FT. 
SHEET GAGE Crass A CLass B Crass C 
J Keyan Loin ha ee NOPE Be EN Mee etm ps ee Sia OO 2.00 1 ie 
IN 0 hac ON oT a ty. Sean a | a 2.00 2.00 Leto 
NOU TOR ero are Re gue Get dene eae ee 2.50 2.00 PotD 
Ha Te ON it oan rre cise AU MRT yt MU le hid 2250 2.00 175 
Nia toll? ROS phi VW re ee Oe Rees 2350 2.00 1.75 
INOS CAE Ria a RUE Bae Rees © Sk hace 2530 2.00 | Tele se 
NGG iss Re ti FU ee ea ee ae 250 2.00 Beat Pe 
EN OTS Where ia a glee of tte acd eee ae ZOU 2.00 15 
INO M20) Uehe se tiie ae! ons Geeta ie nae eon tan a 2.090 2.00 1.50 
ING, 22500. ete Ree ae eee 200 27 OOr% 1°50 
ING. 2a Ae a RI gh Oe EN 2.00 1.30 
INOUE i Pies tee ie ees eee cee 2.00 1.10 
BNOS 2d ce ie ia cre Meta coteP Ati Mk BR nee aut aes 2.00 1 
INGORE USL ARE SOC Et ey Shr SEER 1.80 Te1d 
TNO 2S AiR Shia te yee eons Up see ete hy gto ee asl f 1.60 Lid 
Nor gO Ts cet aaarer ys nae cruise mee . 140 Ua Tate 


in any direction; for wrought iron the line of the bend shall be trans- 
verse to the direction of the rolling of the sheet. 

(b) Coating Tests—Sheets of Class A material shall stand cor- 
rugating without flaking or cracking of the coating. Sheets of Class B 
material shall stand corrugating and also subsequent longitudinal 
curving, as given below, without flaking or cracking of the coating. 


DIAMETER 
GAGE OF CIRCLE 
ING. D2 a a ees aa Se AE) a er ae 36 in 
IND. DAML) Bl, CO ee A ATT SLO OR eee ee 255 
ING SUG 2 2 Heck Sie aM RIRRE aa cole Glaesa tec, oy wate eto ae 12 4§ 


In the case of sheets of Class C material, any portion of the test 
specimen specified in Section 6,\of sheets lighter than No. 16 gage, 
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shall stand bending in any direction without flaking of the coating on 
either side when bent through 180 deg. over four thicknesses of the 
material. A vise with smooth jaws and operated by hand shall be 
used for making the bend tests. 

6. Three specimens exactly 2% in. square shall be cut to repre- 
sent each test sheet, one being cut from the center of the sheet and 
the others from diagonally opposite corners, but at least 4 in. from 
the end and 2 in. from the side of the sheet. 

7. (a) One each of the tests specified shall be made from one 
sheet in each lot of 1000 sheets or fraction thereof of each gage of 
each lot offered for inspection. 

(b) If any sheet fails to meet the requirements of these specifica- 
tions, a retest will be allowed from two other sheets in the same lot, 
both of which shall meet the requirements. 


III. PERMISSIBLE VARIATIONS 


8. The sheets shall conform to the dimensions specified with the 
following permissible variations: 

(a) The width shall be not less than that ordered, but may be 
1 in. over for sheets 48 in. or less in width, and 2? in. over for sheets 
over 48 in. in width. 

(b) The length shall be not less than that ordered, but for sheets 
96 in. or less in length it may be # in. greater. For each 24 in. or 
fraction thereof above 96 in., the permissible variation may be increased 
1 in. over # in. 

(c) When sheets are required accurate to size, they shall be 
ordered ‘‘to be re-squared.”’ 

9. The average weight per square foot of the galvanized sheets 
as determined by the weighing of lots not exceeding 6000 lb. shall 
conform to the requirements specified in Table II, which are based on 
a maximum variation from the nominal weight of 5 per cent for gages 
Nos. 8 to 16, inclusive, and 3.5 per cent for gages thinner than Nos. 
16 to 22, inclusive, and 2.5 per cent for gages thinner than No. 22. 


Wa PINISH 


10. The finished sheets shall be of first-class commercial quality, 
free from flaws or mechanical defects such as pin holes, cracks, blis- 
ters, and blackened sal-ammoniac or acid spots. 


V. MARKING 


11. The top sheet in each bundle, the top sheet in each lot or a 
number of sheets when shipped loose shall legibly show the name and 
brand of the manufacturer, class, gage and size. 
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VI. INSPECTION AND REJECTION. 


12. (a) The inspector representing the purchaser shall have free 
entry, at all times while work on the contract of the purchaser is 
being performed, to all parts of the manufacturer’s works which con- 
cern the manufacture of the material ordered. The manufacturer 
shall afford the inspector, without charge, all reasonable facilities to 
satisfy him that the material is being furnished in accordance with 
these specifications. | 

(b) The purchaser may make the tests and inspection to govern 
the acceptance or rejection of the material in his own laboratory or 


TABLE II.—WEIGHTS OF GALVANIZED SHEETS. 


WEIGHT oF GALVANIZED SHEETS, ALL CLASSES, 


GALVANIZED OZ. PER SQ. FT. 

SHEET GAGE MINIMUM NoMINAL MaAxIMuM 
DOG oe hos en oe here Sete ee ee eae eee 106.9 i273 118.1 2 
Noss PO edness s ciepiesaaerenl sw ane ope 97.4 102.5 107.6 
IN Ge SLOS 3 eres ass ale ee ee Oe oR eects 87.9 92.5 97.1 
ING. Eaks h oes ecto sk sti, ikea ae 78.4 S259 86.6 
INOUE Ze Seer eter ta: Geos tena aoa nee 68.9 pps 76.1 
NoOsHAW t,t gy ERI) Ee BOR ee 49.9 5290 The De | 
NOLO viciace ateeier ters kon Gta Vee NER eee te 40.4 42.5 44.6 
INO. ASits Bavehu nih Atari Sone 34.5 Saat 
No2Di sacle i eee) terete 25-6 ZOne 27.4 
IN O22 e oe ts eel, wig eae notes tok aE vk Ue | 223 23.3 
NO 22S nr Pea Cee LH ee con LEER 13.0 13.5 Toe) 
NG326 re aU oi etic. OMe eee Chee 14,1 14.5 14.9 
No, 27 ut). chiles, Mik OPI ae The acS a 13.5 13.8 
NOM 2SCEY cake Oe ic ee ce ee T22 12 12.8 
|S TS PEA: Medel MAM ASTR com ram nei, Abeta La Oe RR ile lio £158 
INOW SU. Sit Seine Sat lle tes CNN A cer sami 1072 10.5 10.8 


elsewhere. Such tests and inspection shall be made at the expense of 
the purchaser. 

13. (a) Sheets represented by samples which fail to conform to 
the requirements of these specifications will be rejected. 

(b) Sheets which, subsequent to tests and inspection at the mill 
or elsewhere and their acceptance, show blackened sal-ammoniae or 
acid spots, improper galvanizing, improper trimming or other defects 
for which the manufacturer is responsible, will be rejected and shall 
be replaced by the manufacturer. 

14. Samples tested in accordance with Section 7 (a) which rep- 
resent rejected material, shall be preserved for two weeks from the 
date of the test report. 


TENTATIVE METHODS 
OF 
SAMPLING FERRO-ALLOYS! 


Serial Designation: A 103 —25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to annual revision. 


ISSUED, 1925 


The procedures recommended in these methods are considerably more 
elaborate than those in general use by the principal consumers of ferro-alloys 
in this country. However, the methods have been designed as standard pro- 
cedure for use in important cases where large sums are often involved and 
they accordingly should represent the most approved modern practice. 


FERRO-SILICON, HIGH-CARBON FERRO-MANGANESE AND 
SILICO-MANGANESE 
These alloys are usually shipped in bulk in carloads and should be sampled 
while being loaded or unloaded. At these times the sampler can make the 


fairest estimate of the ratio of lump to fine material and should secure propor- 
tionate amounts of each. Frequently the percentage of fines is negligible. 


While the shipment is being loaded or unloaded, samples aggre- 
gating 150 lb. or more shall be gathered from all parts of the car with 
due regard to the estimated ratio of lump to fine material. In break- 
ing lumps or pigs, fragments representing the full cross-section should 
be secured, a heavy hammer or sledge being employed. 

The gross sample thus obtained shall be crushed to pea size in a 
heavy crusher provided with smooth plates of manganese steel. The 
crushed product shall be repeatedly mixed and halved with a Jones 
divider until about 5 Ib. remain. If a Jones divider is not available, 
the sample may be reduced by “quartering,” but use of the divider 
is preferred. ‘The sample shall be further reduced to approximately 
a size to pass a No. 10 sieve in laboratory rolls and again cut down 
by a Jones divider or by “‘quartering”’ to about 300 g. This sample 
shall then be divided in the same way into four portions of approxi- 
mately 75 g. each and three of these shall be reserved. The fourth 
portion shall be pulverized until all has been passed through a No. 80 

1 Criticisms of these Tentative Methods are solicited and should be directed to Mr. Charles 
McKnight, Jr., Secretary of Committee A-9 on Ferro-Alloys, International Nickel Co., 67 Wall St., 


New York City. 
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or No. 100 sieve. A steel mortar with a close-fitting pestle, both of 
hardened alloy steel, shall be used for this reduction. Rejection of 
any part of the sample because of failure to pass the screen is almost 
sure to produce error. ‘The sample shall be thoroughly mixed, dried 
for one hour at 105 to 110° C. It is then ready for analysis. If 
necessary, one-half rather than one-fourth of the 10-mesh sample 
shall be pulverized to pass a No. 80 or No. 100 sieve and the resulting 
sample divided for distribution to the interested parties. 


HIGH-CARBON FERRO-CHROMIUM, CHROMIUM METAL, LOW-CARBON 
FERRO-MANGANESE, MANGANESE METAL, FERRO-TUNGSTEN, 
FERRO-MOLYBDENUM AND FERRO-VANADIUM 


These alloys are usually shipped in stout kegs or barrels. Most of these 
products are relatively costly, and accuracy in sampling is extremely important 
even when the tonnage involved is small. 

If the shipment is believed to be fairly uniform in composition 
and contains only a small percentage of fines, a satisfactory sample 
can be obtained by removing the ends or cutting the sides of the 
packages and taking from each at least 0.5 per cent of the contents. 
Thus at least 23 lb. would be taken from a package containing 500 lb. 
If the product has been crushed to a small size, for example ¢ to ? in., 
the sample can be taken with a shovel or scoop. If the material is in 
larger pieces, as is usual with high-carbon ferro-chromium, the sample 
shall be taken by breaking fragments from a number of lumps until 
the requisite weight has been obtained as already described for the 
sampling of lumps of ferro-silicon. The gross sample shall be obtained 
by combining the samples taken from the individual packages and 
crushed and worked down in the manner described for the preceding 
group of alloys. 

The relatively simple procedure of the preceding paragraph is 
justified only when experience has shown that the product being 
sampled contains no more than a small percentage of ‘‘fines” and is 
relatively uniform in composition. The “fines” usually differ some- 
what in composition from the lumps and always work toward the 
bottom of the container while in transit. Products like tungsten 
powder or pulverized ferro-silicon (80 to 85 per cent Si) are also liable 
to segregate while in transit and should be sampled in a manner to 
avoid error due to the accumulation of a heavy constituent in the 
bottom of the container. The term “relatively uniform in composi- 
tion” applies to a shipment or a sub-lot of a shipment in which the 
composition of any package is approximately the same as that of any 
other. Frequently a shipment comprises two or more lots, each 
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uniform in composition within itself, but differing in this respect from 
the other lots. In these cases, each lot shall be sampled separately. 
If the product is rather variable in composition or if it contains a 
considerable proportion of fines, all of the packages comprising the 
shipment or lot shall be emptied and from each shall be taken a sample 
amounting to at least 0.5 per cent of the contents. The percentage of 
fine and lump alloy in each barrel shall be estimated and the sampling 
conducted accordingly. In sampling a small lot which varies widely 
in composition within itself, it is good practice to empty all of the 
packages, combine the entire contents and mix the lot thoroughly. 
The pile shall then be ‘“‘quartered”’ repeatedly until a sample is 
obtained approximating 5 per cent of the weight of the entire lot. 
The. gross sample obtained by combining samples from the individual 
barrels or by “quartering” the entire shipment shall be crushed and 
worked down in the manner described for the group containing ferro- 
silicon. 
LOW-CARBON FERRO-CHROMIUM 


Low-carbon ferro-chromium is ordinarily shipped in stout kegs. 
The alloy usually contains about 70 per cent of chromium together 
with maximum contents of carbon ranging from 0.1 to 2 per cent. 
The combination of hardness and toughness characteristic of this 
product, particularly of the lower carbon grades, makes it the most 
difficult by far of any of the ferro-alloys to sample properly. In view 
of the great importance of the accurate determination of the carbon 
content—especially of the alloy containing a maximum of 0.1 per cent 
of carbon—the utmost care must be taken to avoid contamination 
of the sample with fragments of steel from the tools. Fortunately 
low-carbon ferro-chromium is usually uniform in composition and 
free from “fines.” 

If the alloy is known to be reasonably uniform in composition, 
10 lumps shall be drawn from each package in the shipment or sub- 
lot. This can be accomplished by removing the head or cutting the 
side of the keg. If the composition is variable, each package of the 

shipment or sub-lot shall be emptied and about 20 lumps taken at 
~ random. The number of lumps should be varied according to the 
net weight of the package and the average size of the lumps found in it. 
One fragment about $ in. in diameter shall be broken from each lump 
of the gross sample, using a heavy hammer and a plate of hardened 
alloy steel. As nearly as possible each fragment should offer a cross- 
section of the lump from which it was taken. The resulting sample 
shall be crushed to approximately a size to pass a No. 10 sieve by 
means of a mortar and pestle of hardened alloy steel. This material 
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shall be cut down with a Jones divider or “quartered” until 30 or 
40g.remain. ‘This quantity shall then be pulverized to pass a No. 40 
sieve by means of the mortar and pestle. Especially in pulverizing 
the grades relatively low in carbon, an air hammer is almost indis- 
pensable. The material passing a No. 40 sieve shall be split into two 
or four parts according to the requirements, by means of a Jones 
divider or by ‘‘quartering.”” The following procedure is recommended 
for those cases in which prolonged crushing has resulted in a powder 
which passes entirely through a No. 20 sieve but which passes a No. 
40 sieve in part only. The entire sample shall be passed through a- 
No. 20 sieve and then divided into fractions finer and coarser than 
No. 40. The fractions shall be weighed and preserved in separate 
packages upon which are recorded the percentages by weight of the 
two sizes. The fractions may be analyzed separately or a composite 
sample may be prepared for the determination of each element, by 
weighing and subsequently combining the proper proportions of the 
coarse and fine material. 


REQUIREMENTS FOR MoRTAR AND PESTLE 


In the analysis of ferro-alloys, errors arising from contamination of the 
sample by iron from the sampling appliances are both serious and common. A 
rapid and accurate method for the determination of unalloyed metallic iron in 
ferro-chromium and in ferro-silicon is known, and by this means such contami- 
nation has been detected and measured. Contamination has often been due 
to iron from the mortar and pestle but can be avoided by the proper selection 
and treatment of the steel from which they are made. These tools are essential 
to the accurate sampling of ferro-alloys—especially low carbon ferro-chromium 
—and when made in accordance with the following requirements are suitable 
for this purpose. 


Chromium-nickel steel containing approximately 1.5 per cent 
Cr, 3 per cent Ni, and 0.35 per cent C is recommended for both tools. 
For the mortar a cylinder 3 by 3 in. shall be drilled axially to a diam- 
eter of 1} in. and a depth of 24 in. The bottom of the hole shall 
be made perfectly flat and the entire inner surface brought to a 
smooth finish. The pestle shall be made from a rod originally 14 in. 
in diameter by 5 in. long, and shall be smoothly faced and turned 
to a final diameter slightly less than 13 in. The mortar and pestle 
shall be heated for several hours in a laboratory muffle furnace at 
750 to 800° C. and hardened by quenching in oil. The upper part 
of the pestle shall be slightly softer than the remainder in order to 
decrease the tendency to shatter. Both tools shall be polished with 
abrasive paper for the removal of scale. Such a mortar and pestle, 
together with an air hammer will pulverize alloys which will resist 
other equipment. ; 
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Other approved methods for the preparation of the pulverized sample 
from the gross sample may be substituted for the above provided they do not 
lead to contamination or loss of any portion of it. For example, the gross 
sample may be crushed entirely by rolls or in the absence of power machinery 
may be broken by hand to the required size. In the entire absence of power 
equipment the gross sample should be sent to a point where suitable facilities 
are available. 


TENTATIVE METHODS OF CHEMICAL ANALYSIS 
Pavor 3 
FERRO-ALLOYS! 


Serial Designation: A 104-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It isnot a Standard of the Society and is subject to annual revision. 


ISSUED, 1925 


FERRO-SILICON 


DETERMINATION OF SILICON 
BY 


FUSION WITH SODIUM PEROXIDE AND DEHYDRATION WITH 
HYDROCHLORIC ACID 


‘Transfer 0.5000 g. (use 0.4000 g. for 90-per-cent silicon) of the 
finely powdered sample (passing a No. 150 sieve) to a 50-cc. pure iron 
crucible made from No. 20 gage (0.32 in. thickness) ingot iron, add 
approximately 13 g. of sodium peroxide. Mix thoroughly with a 
platinum or iron rod and carefully clean the rod of adhering particles 
by scraping with another rod. Cover the mixture with a layer of 
about 2 g. of additional peroxide. Heat the crucible and contents 
on a hot plate for 5 to 10 minutes to expel any water in the peroxide 
which would cause spattering in the subsequent fusion. Carefully 
fuse over a low flame by holding the crucible with a pair of tongs 
and slowly revolving it around the outer edge of the flame until the 
contents have melted down quietly. When the fusion is molten 
rotate the crucible carefully to stir up any unattacked particles on 
the bottom or sides, the crucible and contents being maintained at 
a low red heat. Just before completion of the fusion, which requires 


1 Criticisms of these Tentative Methods are solicited and should be directed to Mr. Charles 


McKnight, Jr., Secretary of Committee A-9 on Ferro-Alloys, International Nickel Co., 67 Wall St., 
New York City. 


(90) 


SERIAL DESIGNATION: A 104-25 T 91 


only three or four minutes, increase the temperature to bright red- 
ness fora minute. If the reaction has proceeded too violently, due to 
too rapid heating, to the use of insufficient sodium peroxide, or to the 
lack of thorough mixing, appreciable loss will occur and the work 
should be repeated. 

Cover the crucible and allow it to cool until the fusion has solid- 
ified, and tap the crucible, while still warm, several times on an iron 
plate, which will loosen the fused mass in a solid cake. When the 
crucible and cake have completely cooled, transfer the cake to a 
large (275-cc.) gold or preferably platinum dish. Cover the dish 
with a clock glass and cautiously add 50 cc. of cold water. When the 
reaction ceases, wash the small amount of adhering matter in the 
crucible into the dish with a little water. Cool the solution and care- 
fully add an excess of hydrochloric acid. Evaporate to dryness, 
‘preferably on a steam bath, but do not bake at a temperature above 
110° C. If platinum or gold dishes are not available for solution of 
the fused cake, the latter can be disintegrated with water in a pure 
nickel dish and the contents then transferred to a porcelain dish 
containing sufficient hydrochloric acid to provide an excess of acid. 
It is not desirable to dissolve the fusions directly in porcelain, because 
of the action of the alkaline solution. 

When the residue is dry, allow the dish to cool. Add 10 cc. 
of hydrochloric acid (sp. gr. 1.13), cover the dish and heat gently 
for a few minutes. Dilute with 100 cc. of hot water, digest for a few 
minutes and filter through an 11-cm. paper. Wash about eight times 
with hot 5-per-cent hydrochloric acid, three times with warm 5-per- 
cent sulfuric acid and a few times with hot water. Reserve this 
‘paper until the second evaporation has been completed. 

Evaporate the filtrate to dryness and bake the covered casserole 
or dish at 110° C. for one hour. Heating at a higher temperature is 
unnecessary and also disadvantageous. Cool, add 10 cc. of hydro- 
chloric acid (1:1), digest on the steam bath for ten minutes, add 100 cc. 
of warm water, filter immediately and wash about eight times with 
cold 1-per-cent hydrochloric acid, twice with cold 5-per-cent sulfuric 
acid and a few times with cold water. 

Place the paper and silica from the second dehydration in a large 
partially covered platinum crucible and char the paper without 
inflaming. Add the paper containing the silica from the first dehydra- 
tion, char as before and then ignite carefully until the carbon has 
been burned off. Great care should be exercised in igniting the 
papers as the current of air produced by a burning filter is sufficient 
to carry finely divided silica out of the crucible. When the carbon 
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of the filter paper has been completely burned, gradually heat the 
‘tightly covered crucible to the full heat of a blast lamp and continue 
the heating at 1050 to 1100° C. for 25 minutes. Cool in a desiccator, 
weigh and check for constant weight by ten minutes’ additional 
heating at the above temperature. Add sufficient sulfuric acid (1:1) 
to moisten the silica and then 15 to 20 cc. of pure hydrofluoric acid 
(48-per-cent). Evaporate to dryness, ignite and weigh. The loss 
represents silica which contains 46.72 per cent of silicon. A blank, 
not omitting the same amount of hydrofluoric acid, should be carried 
through all stages of the operation. 


NOTE 


The silica remaining in the filtrate after the second dehydration is practically 
negligible, averaging about 0.0006 to 0.0010 g. in hydrochloric dehydration and 
0.0010 to 0.0015 g. in sulfuric dehydration. 


FERRO-MANGANESE 


DETERMINATION OF MANGANESE 
BY THE 


MODIFIED BISMUTHATE METHOD! 


REAGENTS REQUIRED 


Dilute Nitric Acid (sp. gr. 1.135).—Mix 300 cc. of nitric acid 
(sp. gr. 1.42) and 700 cc. of distilled water. Test for proper specific 
gravity. 

Dilute Nitric Acid (3 : 97).—Mix 30 cc. of recently boiled nitric 
acid (sp. gr. 1.42) and 970 cc. of distilled water. Add a little sodium 
bismuthate and shake well. 

A sbestos—Asbestos for this work should be digested in hot 
nitric acid (sp. gr. 1.42) and then washed free from acid with dis- 
tilled water. = 

Sodium Bismuthaie-——This reagent should be of 80-per-cent 
grade and its oxidizing power tested as follows: Shake 0.5 g. of the 
reagent with 4 g. of potassium iodide and a little water in a stoppered 
flask. Add 15 cc. of hydrochloric acid and allow to stand in the dark, 
with occasional shaking until the bismuthate has entirely. decom- 
posed. Dilute to 300 cc. and titrate with 0.1 N sodium thiosulfate. 
using starch as an indicator at the end. One cubic centimeter of 
0.1 N NazS2O3 equals 0.0140 g. of NaBiOs. 


1 Journal of Industrial and Engineering Chemistry, Vol. 16, p. 58 (1924). 
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Standard Potassium Permanganate Solution.—See the Determina- 
tion of Chromium in Ferro-Chromium.! One cubic centimeter of 
0.1 NV KMn0O, equals 0.001099 g. of manganese. \ 


METHOD 
(A) Solution of the Sample 


All samples should be crushed to approximately a size to pass a 
_ No. 100 sieve and dried at 105 to 110° C. 

With high-carbon 80-per-cent ferro-manganese, dissolve 0.25 g. 
of the prepared sample in 60 cc. of nitric acid (sp. gr. 1.42) in a 750-cc. 
Erlenmeyer flask, provided with a clock-glass cover or trap to prevent 
loss by spraying. 

Add 2 g. of potassium nitrate and boil gently until the volume of 
the solution has been reduced to about 15 cc. Cool, add 10 cc. of 
H,SO, (1:1) and evaporate to strong fumes of sulfuric acid. Cool 
somewhat, dilute the solution with 200 cc. of HNO; (sp. gr. 1.135), 
heat to boiling, remove from the heat and add sodium bismuthate 
a little at a time until a precipitate of manganese dioxide has formed. 
When this occurs, add sulfurous acid dropwise until the precipitate 
has dissolved and an excess of about 1 cc. has been provided to reduce 
any chromium to the trivalent form. Boil the solution about five 
minutes to completely expel oxides of nitrogen, dilute to 250 cc. with 
water, cool the flask and solution in crushed ice and treat as described 
later. High-carbon ferro-manganese containing 1 per cent or more 
of chromium may not dissolve completely in nitric acid. In this 
case, dilute the solution after treatment with nitric acid, filter, and 
fuse the washed residue with a little sodium carbonate. Dissolve 
the melt in a small volume of nitric acid (sp. gr. 1.135), and add it 
to the main solution. Treat with potassium nitrate, etc., as previously 
described. 

With low-carbon ferro-manganese or manganese metal dissolve 
0.2500 g. of the sample in 250 cc. of nitric acid (sp. gr. 1.135) in a 
covered 750-cc. Erlenmeyer flask and boil the solution gently for a 
few minutes to expel oxides of nitrogen. ‘Treat with bismuthate 
and sulfurous acid as described above. 

With silico-manganese (60 to 70 per cent of manganese) and 
manganese-silicon (20 to 25 per cent of manganese) treat 0.3000 g. of 
the former and 1.000 g. of the latter with 5 cc. of hydrofluoric acid 
in a large platinum dish equipped with a gold or platinum cover. 
(Some spiegeleisens are completely soluble in nitric acid in which 


1See p. 98. 
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case the sample can be dissolved directly in 250 cc. of nitric acid 
(sp. gr. 1.135). When the reaction moderates, add nitric acid (sp. 
gr. 1.42) a few drops at a time until the sample has completely 
dissolved. Add 10 cc. of nitric acid (sp. gr. 1.42) and evaporate 
to a syrupy consistency. Again add 10 cc. of nitric acid (sp. gr. 1.42) 
and evaporate as before to expel hydrofluoric acid. Dissolve the 
residue in nitric acid (sp. gr. 1.135), transfer to a 750-cc. Erlenmeyer 
flask, dilute with nitric acid (sp. gr. 1.135) to 250 cc. and treat as 
described before with sodium bismuthate, etc. 


(B) Oxidation of Manganese 


If the preceding directions have been followed, the manganese 
will be present in a concentration of approximately 0.001 g. per 1 cc. 
of nitric acid (sp. gr. 1.135). This concentration of manganese and 
nitric acid, together with a temperature of 10 to 15° C. are the con- 
ditions which insure maximum stability of the permanganic acid, 
formed as further described. ‘To insure complete oxidation of the 
manganese to permanganic acid, it is essential that the sodium bis- 
muthate (80 per cent of NaBiO;) be used in the ratio of at least 26 g. 
to every gram of manganese in solution. Add approximately 7.0 g. of 
sodium bismuthate (80-per-cent) to the flask, agitate briskly for one 
minute, dilute with 250 cc. of cold water, and filter immediately on 
a layer of acid-washed asbestos supported on a 2-in. alundum or 
perforated porcelain plate resting in a large glass funnel. ‘The filter 
can be washed free from manganese more readily if not allowed to run 
dry during the filtering and washing. Wash the filter and residue 
with cold 3-per-cent nitric acid until the washings are entirely color- 
less and immediately treat the filtrate and washings as described 
in the following paragraph. 

Weigh accurately 9.000 g. of ferrous ammonium sulfate, taken 
from a bottle of the well-mixed salt, and add to the filtered solution 
of permanganic acid. Stir briskly and as soon as the reduction is 
complete and the salt has dissolved, titrate the excess of ferrous salt 
with 0.1 NV potassium permanganate. The manganese value of the 
ferrous salt is obtained in the following manner: 

Two hundred and fifty cubic centimeters of nitric acid (sp. gr. 
1.135) contained in a 750-cc. Erlenmeyer flask are treated with ap- 
proximately 2.0 g. of sodium bismuthate and the solution is vigorously 
agitated for one minute, diluted with 250 cc. of cold water, and imme- 
diately filtered on a layer of acid-washed asbestos as previously 
described. Five (5.000) grams of the ferrous ammonium sulfate are 
added to the filtrate and the resulting solution is immediately titrated 
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with 0.1 VN KMnO, until a faint pink color appears. The excess of 
permanganate used to cause an end point color must be determined 
by watching the color in another beaker containing the same amounts 
of acid and cold water. 


NOTES 


1. Chromium when less than 2 per cent does not cause any interference if the 
reactions are rapidly done in cold solutions. Larger amounts interfere to some 
extent and should be separated prior to the final oxidation with bismuthate. 

2. The gravimetric determination of manganese by the pyrophosphate method 
will give high values if the precipitate of manganese ammonium phosphate is allowed 
to stand more than ten hours before filtration. 

3. Volumetric methods such as Volhard’s, Ford-Williams’ and Julian’s do not 
permit the use of a theoretical titre. Each necessitates the use of an empirical titre 
obtained by titration of material of known manganese content which has been carried 
through all steps of the method. 


DETERMINATION OF CARBON 
BY THE 


DIRECT COMBUSTION METHOD 


See the Determination of Carbon in Ferro-Chromium by the 
Direct Combustion Method.! A furnace temperature of 1050 to 
1075° C. suffices, and high-silicon material should be covered with 
1 or 2 g. of ingot iron. 


DETERMINATION OF PHOSPHORUS 
BY THE 


ALKALIMETRIC METHOD 


SOLUTIONS REQUIRED 


Dilute Nitric Acid (sp. gr. 1.185) —Mix 300 cc. of HNO; (sp. gr. 
1.42) and 700 cc. of distilled water. 

Ammonium M olybdate-——See the Determination of Phosphorus in 
Ferro-Vanadium by the Modified Molybdate-Magnesia Method.? 

Standard Sodium Hydroxide ——Dissolve 6.5 g. of purified NaOH 
in 1000 cc. of distilled water, add a slight excess of a 1-per-cent solution 
of Ba(OH)s, let stand for 24 hours, decant the liquid and standardize 
against Bureau of Standards Standard Benzoic Acid as follows: 
Dissolve 0.6 g. of benzoic acid in 15 cc. of alcohol in a small Erlen- 
meyer flask and titrate in the cold with phenolphthalein indicator, 


1See p. 101. 
2See p. 104. 
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taking precautions to prevent access of carbon dioxide from the air 
during titration. The ratio of phosphorus to sodium hydroxide is 
taken as 1 to 23 in calculating the value of the sodium hydroxide. 
Protect the solution from carbon dioxide with a soda-lime tube. 
Standard Nitric Acid—Mix 10 cc. of HNO (sp. gr. 1.42) and 
1000 cc. of distilled water. ‘Titrate the solution against the standard 
hydroxide solution, using phenolphthalein as an indicator. Adjust 


the solution so that it is equivalent to the sodium hydroxide solution. ~ 


Dilute Ammonium Hydroxide (sp. gr. 0.96).—Dilute 400 cc. of 
NH.OH (sp. gr. 0.90) with 600 cc. of water. The strength of this 
solution should be established by titration or test with a hydrometer. 


METHOD 


Dissolve 2.000 g. of the sample in 70 cc. of nitric acid (sp. gr. 
1.42), evaporate to dryness and bake for two or three hours at 120° C. 
High-silicon alloys may require the addition of a little hydrofluoric 
acid for complete decomposition, In this case, several evaporations 
with 15-cc. portions of nitric acid (sp. gr. 1.42) should be made to 
remove hydrofluoric acid before the baking treatment. Moisten the 
residue with 25 cc. of dilute hydrochloric acid (1:1), digest a few 
minutes,! add 75 cc. of water, heat until the salts are dissolved and 
then filter to remove silica. Evaporate the filtrate to a syrupy con- 
dition, add 15 cc. of nitric acid (sp. gr. 1.42) and again evaporate to 
a small volume. Again add 15 cc. of nitric acid (sp. gr. 1.42) and 
evaporate toa small volume. Add 100 cc. of nitric acid (sp.gr. 1.135), 
heat to boiling and add a 1.5-per-cent solution of potassium permanga- 
nate until oxides of manganese are precipitated. Dissolve the oxides 
of manganese by addition of sulfurous acid and boil to expel the 
oxides of nitrogen. To the cold solution add 40 cc. of NH.OH (sp. gr. 
0.96) and 50 cc. of ammonium molybdate solution and shake for 5 
minutes. Allow to settle for 10 minutes; for material containing 
less than 0.02 per cent of phosphorus, allow to stand 30 minutes. 
Filter and wash 10 times with a 1-per-cent solution of KNO;. Return 
the precipitate and paper to the precipitating vessel, add 1 to 3 cc. 
in excess of standard NaOH solution and 25 cc. of water, both free 
from carbon dioxide, and shake or stir until the precipitate is dis- 
solved. Dilute to 100 cc. with water free from carbon dioxide, add 
3 drops of a 0.2-per-cent solution of phenolphthalein, and discharge 
the pink color with standard acid. Finish the titration by adding 
standard alkali until the reappearance of the pink color. With very 


1 Addition of a little sulfite or sulfurous acid facilitates solution after the baking treatment. 


Ts 
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low phosphorus material this titration should be corrected by a 
blank carried through all steps of the method. 


NOTE 


If vanadium is present in amounts over 0.08 per cent it should be reduced by 
ferrous sulfate and sulfurous acid before precipitation with molybdate. 


DETERMINATION OF SULFUR 
BY THE 


OXIDATION METHOD 


Proceed as in the Determination of Sulfur by the Oxidation 
Method as described in the Standard Methods of Chemical Analysis 
of Plain Carbon Steel (Serial Designation: A 33) of the American 
Society for Testing Materials.! 


NOTES 


Routine determinations of sulfur can be made by the evolution method provided 
concentrated hydrochloric acid (sp. gr. 1.19) is used, preferably in all-glass apparatus 
of the Pulsifer type. 


DETERMINATION OF SILICON 
= BY? LHRE. 


NITRO-SULFURIC ACID METHOD 


SOLUTIONS REQUIRED 


Nitro-Sulfuric Acid —Pour 160 cc. of sulfuric acid (sp. gr. 1.84) 
slowly and with stirring into 660 cc. of water and add 180 cc. of nitric 
acid (sp. gr. 1.42). 


METHOD 


Dissolve 0.9344 g. of the sample passing a No. 100 sieve with 
50 cc. of the nitro-sulfuric acid in a 250-cc. porcelain casserole and 
evaporate until copious fumes of sulfuric acid are evolved. After 
the solution has cooled somewhat add 125 cc. of distilled water and 
5 cc. of HCl (sp. gr. 1.19). Heat with frequent stirring until all salts 
are dissolved and immediately filter on a 9-cm. paper. Wash the 
precipitate with cold dilute HCl (5:95) and hot water alternately 
to complete the removal of soluble salts, and finally with hot water 
until free from acid. Transfer the filter to a platinum crucible, 
char the paper carefully, and finally ignite with the crucible covered 
over a blast lamp or in a muffle furnace at 1050 to 1100° C. for at 


11924 Book of A.S.T.M. Standards. 
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least 10 minutes; cool in a desiccator and weigh. Add sufficient 
dilute sulfuric acid (1:1) to moisten the silica and then a small amount 
of hydrofluoric acid. Evaporate to dryness, ignite and weigh. The 
difference in weights divided by 2 and multiplied by 100 represents the 
percentage of silicon in the alloy. 


NOTE 


For silico-manganese and manganese-silicon, fuse 0.4672 g. of the former or 
0.2336 g. of the latter with 8 g. of sodium peroxide in a pureiron crucible. Dissolve 
the fusion and evaporate to fumes of sulfuric acid. When acidifying the solution 
of the fusion with sulfuric acid it is necessary to add some sulfurous acid to dissolve 
the manganese dioxide which separates out. 


FERRO-CHROMIUM 


DETERMINATION OF CHROMIUM 
BY 


FUSION WITH SODIUM PEROXIDE 


SOLUTIONS REQUIRED 


Potassium Permanganate, 0.1 N.—Dissolve 3.2 g. of potassium 
permanganate in 1000 cc. of distilled water, allow to age for at least 
ten days and filter through purified asbestos. Standardize the per- 
manganate solution against Bureau of Standards Standard Sodium 
Oxalate as follows: 

In a 400-cc. beaker dissolve 0.25 to 0.30 g. of sodium oxalate in 
200 to 250 cc. of hot water (80 to 90° C.) and add 10 cc. of dilute 
H.SO, (1:1). Titrate at once with the permanganate solution, 
stirring the liquid vigorously and continuously. The permanganate 
must not be added more rapidly than 10 to 15 cc. per minute, and the 
last 0.5 to 1 cc. must be added dropwise, with particular care to allow 
each drop to fully decolorize before the next is introduced. ‘The 
excess of permanganate used to cause an end point color must be 
estimated by matching the color in another beaker containing the same 
bulk of acid and hot water. The temperature of the solution should 
not be below 60° C. by the time the end point is reached. One cubic 
centimeter of 0.1 V KMn0O, is equivalent to 0.001734 g. of chromium. 

Standard Ferrous Ammonium Sulfate——Dissolve 43 g. of the salt 
in 250 cc. of cold water, add 40 cc. of sulfuric acid (1:3), dilute to 
one liter with distilled water, and mix thoroughly. Large amounts 
of the solution can be conveniently mixed by means of a stream of 
carbon dioxide from a cyclinder. As the ferrous ammonium sulfate 
solution gradually weakens in reducing power it is necessary to stand- 
ardize it daily or at the same time the ferro-chromium is analyzed. 


‘ 
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The solution can be standardized against either potassium dichromate 
or sodium oxalate. 

The first method is somewhat simpler and more satisfactory for 
routine work as the conditions prevailing in both the standardization 
and in the analysis are practically identical. No ‘‘blank” corrections 
are afterwards necessary where the amounts of dichromate, ferrous salt 
and permanganate are approximately those prevailing in the analysis. 
The second method is employed chiefly for checking the accuracy of 
the results obtained with potassium dichromate and in cases where 
only occasional analyses are made and pure dichromate is not readily 
available. 

To prepare pure potassium dichromate, recrystallize at least 
twice the purest grade of the salt obtainable, dry the crystals at 
150° C., grind to a fine powder and again dry at 150° C. to constant 
weight. Keep the prepared salt in a ground-glass stoppered bottle. 
Transfer 1.0000 g. of the pure dichromate, which contains approxi- 
mately the same amount of chromium as an 0.5000-g. sample of 70-per 
cent ferro-chromium, to an 800-cc. beaker. Dissolve in cold water, 
acidify with 40 cc. of sulfuric acid (1:3) and dilute with cold water to 
500 cc. Add a slight excess of the ferrous sulfate solution, approxi- 
mately 190 cc., and titrate the excess ferrous salt with 0.1 NV perman- 
ganate to the first faint permanent darkening of the clear green color. 

Example.—tThe calculations involved are illustrated as follows: In a stand- 
ardization, 190.0 cc. of the ferrous solution was used and 5.06 cc. of 0.1 NW per- 
manganate was required to titrate the excess. 

1 cc. of 0.1 N K2Cr.0; contains 0.004903 g. of K2Cr2O07 
1 g. of K,Cr,O; equals 203.94 cc. of 0.1 N K:Cr20; 
then 
203.94 + 5.06 = 209.0 cc. of equivalent 0.1 N solution reduced by the 


ferrous solution. 
209.0 


190 


In standardizing through sodium oxalate, it is necessary to add 
the ferrous ammonium sulfate solution by means of an accurately 
calibrated pipette or burette instead of an automatic pipette. Trans- 
fer 100 cc. of the approximately 0.1 N ferrous solution to a 600-cc. 
beaker, dilute to 300 cc. with cold 5-per-cent sulfuric acid, add 2 cc. 
of phosphoric acid and titrate immediately with 0.1 N KMnQ, to a 
faint permanent pink color. Determine the “blank” on the same 
volume of water and acids and deduct.. When this method is used it is 
necessary in the actual analysis to determine a ‘‘blank”’ to counteract 
the influence of the green color of the chromium sulfate upon the per- 
manganate end point. This “‘blank” can be determined in the solu- 
tion used in the analysis and is obtained as described later. 


= 1.100, the 0.1 N normality factor. 
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METHOD 


Transfer 0.5000 g. of the sample of ferro-chromium (dried at 
105 to 110° C.) to a 30-cc. heavy-walled porcelain crucible. Samples 
of low-carbon ferro-chromium should be crushed to pass through a 
No. 40 screen, while high-carbon ferro-chromium and chromium 
metal should be reduced to pass a No. 100 screen. Add approximately 
8 g. of sodium peroxide and thoroughly mix the contents of the cru- 
cible with a small rod, being careful to clean the rod, which can be 
done conveniently by scraping with another rod. Cover the mixture 
with 1 to 2 g. of sodium peroxide. Carefully fuse the contents of the 
covered crucible, preferably in an electric muffle heated to 600 to 
700° C. Fusion for five minutes at a low red heat after the mass has 
melted will insure complete decomposition. When the charge has 
melted, the crucible should be given a slight rotary motion to stir up 
any unattached particles. 

Place the cooled crucible and cover in a 600-cc. beaker and dissolve 
the contents in 200 cc. of water. When the melt has dissolved, re- 
move the crucible and cover, add 1 g. of sodium peroxide and boil the 
solution ten minutes to completely decompose the excess of peroxide. 

Allow the precipitate to settle and filter through a pad of ignited 
asbestos, preferably in a Biichner funnel. An asbestos rather than a 
paper filter should be used, for the alkaline solution extracts reducing 
matter from paper which would cause low results for chromium. 
Thoroughly wash the precipitate with hot water, and at no time allow 
the precipitate to run dry during the filtering and washing. If de- 
sired, the precipitate can be subsequently dissolved in dilute sulfuric 
acid and tested for chromium by adding a slight excess of sodium 
peroxide; the amount of chromium retained is negligible if the precipi- 
tate is filtered and washed as directed. 

Cool the filtrate, acidify with 50 cc. of sulfuric acid (1:1), again 
cool to room temperature, transfer to an 800-cc. beaker, dilute with 
cold water to 500 cc. and add a measured excess of ferrous ammonium 
sulfate. The point at which reduction is complete can be told by 
changes in the deep green color which is developed. The ferrous salt 
can be added either as an approximately 0.12 WN solution or in weighed 
portions from a bottle of the well-mixed salt. If the solution of 
ferrous salt is used, approximately 180 cc. will be required for a 70- 
per-cent alloy; if the salt is added, 8 g. will usually be sufficient. 
Titrate the excess of ferrous salt with standard 0.10 N potassium 
permanganate. ‘The first faint permanent darkening of the clear 
green color is taken as the end point, which is quite sharp and well 
defined to the practiced eye. If the ferrous salt has been standardized 
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against dichromate, subtract the required number of cubic centimeters 
of 0.1 N permanganate from the number of cubic centimeters of 
0.1 N ferrous solution (obtained by multiplying the number of cubic 
centimeters of the approximately 0.1 N ferrous solution by the 0.1 NV 
normality factor). The difference represents the number of cubic 
centimeters of 0.1 N ferrous solution which multiplied by 0.001733 g. 
gives the number of grams of chromium present. 

Where the ferrous solution has been standardized against sodium 
oxalate, it is necessary to subtract a “blank” from the permanganate 
titration. This ‘blank’ is obtained as follows: When the end point 
is reached and the readings have been noted, add about 5 cc. in excess 
of the ferrous solution and oxidize the excess of ferrous iron by adding 
8 cc. of a 15-per-cent solution of ammonium persulfate. Stir the liquid 
vigorously for one minute. Carefully add 0.1 NV permanganate to the 
solution with constant stirring until the same end point is obtained as 
before. The volume of permanganate required, usually 0.2 to 0.4 
cc., constitutes the “‘blank”’ to be deducted from the volume of the 
permanganate titration. For example, in the determination of 
chromium in an 0.5000-g. sample, 190.0 cc. of a 0.11 N ferrous solution 
and 11.00 cc. of an 0.1 NV permanganate (11.40 — 0.4 cc. blank) were 
employed. 

The calculations are as follows: 

190.0 x 1.100 = 209.0 cc. of 0.1 NW ferrous solution 


209.0 — 11.0 = 198.00 cc. 
198.0 x 0.001734 x 2 x 100 = 68.65 per cent of chromium 


The above calculations are given for exactly 0.1 V permanganate; 
if the permanganate is not 0.1 NV, the volume used must be converted 
to the equivalent of 0.1 N by multiplying by the proper factor. 


DETERMINATION OF CARBON 
BY THE 


DIRECT COMBUSTION METHOD 


Determine carbon by the direct combustion method described 
in the Standard Methods of Chemical Analysis of Plain Carbon 
Steel (Serial Designation: A 33), with the following modifications: 

1. Ferro-chromium alloys require a furnace temperature of 
1125 to 1150° C. in order to yield all of the carbon in the material. 

2. The determination is made as given in the reference except 
that the weighed sample of ferro-chromium, 0.5000 g. for 4 to 8-per- 
cent carbon and 3 to 1 g. for 0.10 to 2.00-per-cent carbon, is mixed 
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with 1 g. of copper oxide and covered with 2 g. of pure ingot iron drill- 


ings in order to facilitate complete combustion. 
3. On account of the small weight of sample used, the blanks are 
important and must be carefully determined. 


DETERMINATION OF SILICON 

Low-carbon ferro-chromium and chromium metal can be decom- 
posed by means of dilute sulfuric acid, but the high-carbon alloy has 
to be fused with sodium peroxide. For low-carbon ferro-chromium, 
transfer 0.9344 g. (a double factor weight) to a 250-cc. porcelain 
casserole, add 60 cc. of sulfuric acid (1:4) and warm the covered 
casserole gently until the reaction is complete. For high-carbon 
ferro-chromium, transfer 0.9344 g. of the sample passing a No. 100 
sieve to a 30-cc. pure iron crucible made from No. 20 gage (0.032 in. 
thickness) ingot iron. Add approximately 8 g. of sodium peroxide, 
mix thoroughly and fuse as directed under the determination of 
chromium. When the fusion has solidified, tap the covered crucible, 
while still warm, on an iron plate to loosen its contents in a solid 
cake which is then transferred to a 250-cc. casserole. Rinse the 
crucible with a little water, transfer the solution to the casserole, 
cover, and carefully add 60 cc. of sulfuric acid (1:4) after which the 
cover glass is rinsed and removed. 

Evaporate the solution obtained by either of the above pro- 
cedures until fumes of sulfuric acid are given off. If chromium 
sulfate solutions are fumed at too high temperatures or for any great 
length of time or with too little free acid present, considerable diffi- 


culty will occur in dissolving the salts. ‘The fuming should, there- ~ 


fore, be made at a temperature not much higher than that required 
for evolving the acid, Allow the casserole and contents to partly 
cool (if permitted to become entirely cold, difficulty may be experienced 
in getting chromium salts to dissolve), add 100 cc. of warm water 
while stirring to prevent the residue from caking on the bottom and 
boil the solution gently for several minutes to dissolve all salts. Filter, 
washing the paper several times with cold dilute hydrochloric acid 
(2-per-cent), and then with warm water: Transfer the filter and 
contents to a platinum crucible, char the paper, carefully ignite to 
remove carbon, and then heat the covered crucible over a blast lamp 
or in a muffle furnace at 1050 to 1100° C. for at least 15 minutes. 
Cool in a desiccator and weigh. Add sufficient dilute.sulfuric acid 
(1:1) to moisten the silica and then a small amount of hydrofluoric 
acid. Evaporate to dryness, ignite and weigh. The difference in 
weights represents silica which contains 46.72 per cent of silicon. 
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NOTE 


Crucibles made from pure ingot iron contain only traces of silicon and the 
amount of silica present in the sodium peroxide used is usually negligible, but 
“blanks’’ should be run on new lots of crucibles and of peroxide. All nickel crucibles, 
even the German ‘‘Rein”’ nickel, contains appreciable amounts of silicon. 


FERRO-VANADIUM 


DETERMINATION OF VANADIUM 
BY THE 


AMMONIUM PERSULFATE METHOD 


SOLUTIONS REQUIRED 


Ammonium Persulfate (15 per cent)—Make up as needed by 
dissolving 15 g. of the salt in 100 cc. of distilled water. This salt 
should be 95-per-cent pure and its purity tested by adding 30 cc. of 
a standard ferrous sulfate solution to 0.3 g. of the persulfate, then 
200 cc. of hot water and titrating the excess ferrous salt with potassium 
permanganate. One cubic centimeter of 0.1 WV ferrous solution equals 
0.01141 x. of (NH,)2S2Os. 

Potassium Ferricyanide Indicator.—Dissolve 0.1 g. of the salt in 
100 cc. of water. This solution should be made up fresh daily. 

Standard Ferrous Ammonium Sulfate, approximately 0.1 N.— 
See the Determination of Chromium in Ferro-Chromium.! 

Potassium Permanganate, 0.1 N.—See the Determination of Chro- 
mium in Ferro-Chromium.! One cubic centimeter of 0.1 VW KMnO, 
is equivalent to 0.005096 g. of vanadium in the following method. 


METHOD 


Treat 0.5000 g. of the alloy, dried at 105 to 110° C., in a 250-cc. 
covered beaker with a mixture of 60 cc. of sulfuric acid (1:3) and 25 
cc. of nitric acid (1:1). If the alloy fails to decompose readily 
because the silicon content is high, it may be necessary to add a small 
amount of hydrofluoric acid. In this event, a 200-cc. platinum dish 
should be substituted for the beaker. When the reaction has abated, 
rinse the cover glass and evaporate the solution until copious fumes 
of sulfuric acid are evolved. Cool, add 100 cc. of water and heat 
until the salts are dissolved. ‘Transfer the solution to an 800-cc. 
beaker, dilute to 400 cc. and to the cooled solution add an approxi- 
mately 0.1 NV solution of potassium permanganate until a strong pink 
color has developed which remains permanent for thirty seconds. 


1See p. 98. 
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Next reduce the vanadium by the use of an approximately 0.1 WV solu- 
tion of ferrous ammonium sulfate added until a drop of the solution 
withdrawn from the beaker and placed on a drop of potassium ferri- 
cyanide indicator shows ferrous iron present—about 35 cc. of 0.1 V 
ferrous solution. Add 5 cc. of the ferrous ammonium sulfate in 
excess, stir the solution at least one minute, oxidize the excess of ferrous 
sulfate with 8 cc. of 15-per-cent ammonium persulfate and stir the 
solution vigorously for one minute. ‘Titrate the solution with 0.1 V 
potassium permanganate solution, added with constant stirring until 
a faint pink color appears which remains permanent for 30 seconds. 
Determine the “blank” by dissolving 0.4 g. of “ingot iron” in 60 
cc. of H,SO, (1:3) and 5 cc. of nitric acid (sp. gr. 1.42), and putting 
the solution through all of the operations of the analysis. If the 
alloy contains an appreciable amount of chromium, a weight of 
pure K,Cr.O,7 equivalent to the amount of chromium in the sample is 
dissolved in the acids with the ingot iron. 


DETERMINATION OF CARBON 


See the Determination of Carbon in Ferro-Chromium by the 
Direct Combustion Method.! A furnace temperature of 1050 to 1100° 
C. will suffice for ferro-vanadium and complete combustion except in 
very high-silicon material can be secured without the addition of 
ingot iron and copper oxide. 


DETERMINATION OF PHOSPHORUS 
BY THE 


MODIFIED MOLYBDATE-MAGNESIA METHOD 


SOLUTIONS REQUIRED 

Ammonium Molybdate. — 

Solution No. 1.—Place in a beaker 100 g. of 85-per-cent molybdic 
acid, mix thoroughly with 240 cc. of distilled water, add 140 cc. of 
NH.OH (sp. gr. 0.90), filter, and add 60 cc. of HNOs (sp. gr. 1.42). 

Solution No. 2.—Mix 400 cc. of HNO; (sp. gr. 1.42) and 960 cc. 
of distilled water. 

When the solutions are cold, add Solution No. 1 to Solution 
No. 2, stirring constantly, then add 0.1 g. of ammonium phosphate 
dissolved in 10 cc. of distilled water, and let stand at least 24 hours 
before using. 


1See p. 101. 
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Magnesia Mixture.—Dissolve 50 g. of MgCl,:6H,O and 200 g. 
of NH.Cl in 1000 cc. of distilled water containing a few cubic centi- 
meters of hydrochloric acid. 


METHOD 


Transfer 4 g. of the sample to a platinum dish of 150 to 200-cc. 
capacity, add 70 cc. of dilute HNO; (5:6) and heat the covered dish 
until vigorous action ceases. Add 1 or 2 cc. of hydrofluoric acid, 
stir the solution, evaporate to dryness, moisten with 10 cc. of nitric 
acid (sp. gr. 1.42) and again evaporate to dryness. Moisten the 
cooled residue with 10 cc. of HNO; (sp. gr. 1.42), add 50 cc. of water 
and wash the contents of the dish into a 400-cc. beaker, rubbing the 
dish well with a policeman. Remove the last traces of adhering 
salts with 5 cc. of HCl (sp. gr. 1.19) and hot water. Add 10 cc. of 
HNO; (sp. gr. 1.42) and evaporate to a syrupy consistency. Cool, 
add 25 cc. of HNO; (sp. gr. 1.42) 60 cc. of water, 1 g. of boric acid 
(to take care of any residual fluoride) and heat gently until, solution 
occurs. Filter through a rapid paper into a 300-cc. Erlenmeyer flask 
and wash with hot water. Heat the solution to boiling, add about 
12 cc. of potassium permanganate solution (1.5-per-cent) and con- 
tinue the boiling until manganese dioxide precipitates. Dissolve the 
precipitate by the addition of sufficient sulfurous acid added drop- 
wise. About 1 cc. usually suffices. Boil for a few minutes to com- 
pletely expel oxides of nitrogen. Add to the cold solution 15 cc. of 
ammonium hydroxide (sp. gr. 0.90) and cool the solution to 15° C. 

Next reduce the vanadium in the cold (15° C.) solution by ferrous 
sulfate added in approximately 1.5 g. excess. The use of a 50-per-cent 
solution of the salt furnishes a convenient way of adding the necessary 
amount. One gram of quinquevalent vanadium requires 5.5 g. of 
FeSO,: 7H.O for reduction to the quadrivalent state. A 4-g. sample 
of 30-per-cent vanadium alloy, including an excess of 1.5 g., would 
require 8.1 g. of ferrous sulfate. Too large an excess of ferrous sulfate 
should be avoided. The addition of ferrous sulfate will change the 
color of the solution to a deep blue. Add 2 drops of a saturated 
solution of sulfurous acid, 100 cc. of molybdate reagent, shake for 
10 minutes and allow to stand at 15° C. for 4 to 6 hours, or preferably 
overnight. It is well to let the solution stand in a refrigerator. Filter 
on a paper of close texture, keeping as much of the precipitate in the 
flask as possible, and wash the flask and the precipitate with not more 
-than 50 cc. of cold, dilute nitric acid (1:99). Set the filtrate and 
washings aside after thorough mixing and see whether further separa- 
tion of phosphomolybdate occurs. Dissolve the precipitate on the 


106 TENTATIVE METHODS OF CHEMICAL ANALYSIS OF FERRO-ALLOYS 


filter in 20 cc. of dilute ammonium hydroxide (1:1) to which have been 
added 2 g. of citric acid, catch the solution in the original flask con- 
taining the bulk of the yellow precipitate and finally wash the filter 
several times with dilute hydrochloric acid (5:95). If the ammoniacal 
solution of the phosphomolybdate is not clear at this point, heat it 
to boiling, filter through the same paper, and wash the paper with 
hot water. In this case, and whenever appreciable amounts of such 
elements as titanium or zirconium are known to be present in the 
original material, preserve the paper and ignite it in a small platinum 
crucible with the paper reserved below. | 

Render the ammoniacal solution acid with hydrochloric acid, 
add 20 cc. of magnesia mixture and then ammonium hydroxide (sp. gr. 
0.90) slowly until a crystallin precipitate appears, and then finally 
an excess of 3 to 5 per cent by volume. ‘The volume of the solution 
at this point should not exceed 100 cc. Allow the solution to stand 
in a cool place for 4 to 6 hours, or preferably overnight. 

Filter, keeping as much of the precipitate as possible in the 
flask, and wash the flask and the precipitate moderately with dilute 
ammonium hydroxide (1:20). Set the filtrate and washings aside 
after thorough mixing and see whether further precipitation occurs. 
Dissolve the precipitate on the filter in 25 cc. of dilute hydrochloric 
acid (1:1), catching the solution in the original flask containing the 
bulk of the precipitate. Wash the filter thoroughly with dilute 
hydrochloric acid (5:95). In case the original material contains 
appreciable amounts of the elements mentioned above (titanium or 
zirconium), add the paper to the one reserved above, ignite, fuse any 
residue with as little carbonate as possible (not over 0.5 g.), extract 
the cooled melt with hot water, filter, and add the water solution to 
the hydrochloric acid solution. Transfer the solution to a 200-cc. 
beaker. In case the amount of arsenic is known to be very small, 
add 0.5 to 1 g. of ammonium bromide and boil the hydrochloric acid 
solution to a volume of 5 to 10 cc. Where large amounts of arsenic 
were originally present, treat with hydrogen sulfide, digest, filter, 
and wash with acidulated hydrogen sulfide water. Boil to expel 
hydrogen sulfide and to reduce the volume to 50 to 75 cc. Add 0.1 
to 0.2 g. of citric acid, 2 to 3 cc. of magnesia mixture, make ammoniacal 
as above, and allow to stand in a cool place for 4 to 24 hours. 

Filter, wash with dilute ammonium hydroxide (1:20), and 
ignite the precipitate carefully and at as low a temperature as possible 
until the carbon has been destroyed and the residue is white. Finally, 
ignite at approximately 1000° C. to constant weight. Dissolve the 
ignited residue in 5 cc. of dilute nitric acid (1:1) and 20 cc. of water. 
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Filter, wash the residue with hot water, ignite and weigh. Treat 
with a few drops of hydrofluoric acid, evaporate to dryness, ignite 
and re-weigh. Subtract any loss of weight from the original weight 
of the pyrophosphate, and calculate on the basis of this purified 
magnesium pyrophosphate. 


DETERMINATION OF SULFUR 
BY THE 


OXIDATION METHOD 


Transfer 4.57 g. of the sample to a 600-cc. beaker and dissolve it 
in 75 cc. of HNO; (sp. gr. 1.42). The reaction is apt to be very rapid 
and the acid should be added in small portions to the covered beaker 
which is preferably kept cooled by immersion in ice water. Effect 
complete solution by gentle warming if necessary. 

Add 30 cc. of HCl (sp. gr. 1.19) and evaporate to dryness on the 
steam-bath. Add 30 cc. more of HCl (sp. gr. 1.19), again evaporate 
to dryness, and bake for 30 minutes at 105° C. Moisten the residue 
with 30 cc. of HCl (sp. gr. 1.19) and evaporate on the steam-bath to 
a volume of 5 cc. Add 5 cc. of HCl (sp. gr. 1.19), dilute to 150 cc. 
and filter. Wash with warm water. 

Adjust the volume of the solution to 250 cc. which should now 
contain about 3 to 4 per cent by volume of HCl. Warm to 75° C., 
add 30 cc. of BaCl, (10-per-cent), and allow to stand for 24 to 40 
hours. | 

Filter, with as little transfer of the precipitate as possible, through 
a paper of close texture. Wash the paper two or three times with 
cold 1-per-cent HCl and seven times with warm water. Ignite the 
paper and contents in a platinum crucible. Treat the ignited residue 
with 5 cc. of HCl (sp. gr. 1.19) and transfer the resulting solution to 
the original beaker containing most of the precipitate of BaSQu,. 
Digest the combined portions of BaSQ, so as to dissolve any barium 
vanadate. Adjust to 150-cc. volume and 2-per-cent acidity, add 8 
cc. of 10-per-cent BaCl, solution and allow to stand for 24 hours. 
Filter on a paper of close texture, wash three times with cold 1-per-cent 
HCl and 10 times with warm water. Ignite the paper in platinum, 
cool in a desiccator and weigh. A blank should be carried through 
all steps of the determination. The corrected weight of the ignited 
barium sulfate multiplied by three is equal to the percentage of 
sulfur. 


108 TENTATIVE METHODS OF CHEMICAL ANALYSIS OF FERRO-ALLOYS 


NOTES 


If desired, the washings can be kept separate and examined for BaSQ, as follows: 
Evaporate the washings to dryness. Dissolve the slight residue in 50 cc. of hot 
dilute HCl (2:98), add 2 cc. of BaCk solution (10-per-cent), digest at 70 to 80° C. 
for two hours, avoiding any undue evaporation. Filter on a small paper of close 
texture and wash as above. ‘The recovery of BaSOu., which is ordinarily obtained, 
represents approximately 0.001 to 0.002 per cent of sulfur. 

In high-silicon alloys the residue from the initial acid digestion should be evap- 
orated with hydrofluoric and nitric acids, fused with sodium carbonate and the water 
extract of the melt added to the main solution. 


DETERMINATION OF SILICON 
BY THE 


NITRO-SULFURIC METHOD 


SOLUTIONS REQUIRED 


Nitro-Sulfuric Actd—Pour 160 cc. of sulfuric acid, (sp. gr. 1.84) 
slowly and with stirring into 660 cc. of water, and add 180 cc. of 
nitric acid (sp. gr. 1.42). 


METHOD 


Dissolve 0.9344 g. of the sample passing a No. 100 sieve of low 
or medium-silicon ferro-vanadium in 40 cc. of the nitro-sulfuric acid 
in a 250-cc, porcelain or platinum dish and evaporate the solution 
until ‘‘copious”’ fumes of sulfuric acid are evolved. 

Ferro-vanadium containing 4 per cent or more of silicon is not 
completely soluble in nitric acid and sulfuric acid. In this case, 
fuse 0.9344 g. of the alloy, thoroughly mixed with 8 g. of sodium 
peroxide, in a 30-cc. crucible of pure iron. Five minutes heating at 
a dull red heat after the contents of the crucible have melted will 
insure complete decomposition of the sample. Allow the fusion to 
solidify, but before it has entirely cooled tap the covered crucible on 
an iron plate which will loosen the contents in a solid cake. ‘Transfer 
the melt to a 250-cc. porcelain casserole, rinse the crucible with warm 
water and cautiously add the solution to the covered casserole. Next 
add 150 cc. of sulfuric acid (20 per cent by volume) and evaporate to 
copious fumes of sulfuric acid. Cool the sulfuric acid solution obtained 
in either procedure, add 125 cc. of water and heat for a few minutes 
with frequent stirring until all salts are dissolved. Immediately 
filter on a 9-cm. paper. Wash the precipitate with cold dilute HCl 
(5:95) and cold water alternately to complete the removal of iron 
salts, and finally with hot water until free from acid. ‘Transfer the 
filter to a platinum crucible, char the paper without inflaming and 
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finally ignite the covered crucible over a blast lamp or in a muffle 
furnace at 1050 to 1100° C. for at least 15 minutes. Cool in a desic- 
cator and weigh. Add sufficient dilute H,SO, (1:1) to moisten the 
silica and then a small amount of hydrofluoric acid. Evaporate to 
dryness, ignite and weigh. ‘The difference in weights divided by 2 
and multiplied by 100 represents the percentage of silicon in the 
alloy. ; 


DETERMINATION OF ALUMINUM 
BY THE 


ETHER-HYDROCHLORIC ACID METHOD! 


Dissolve 2 g. of the sample in 25 to 30 cc. of dilute nitric acid 
(sp. gr. 1.135) (Note 1). When action ceases, add 5 cc. of hydro- 
chloric acid and evaporate to dryness. Add 10 cc. of hydrochloric 
acid, evaporate to dryness and bake the residue at a moderate tem- 
perature. Dissolve the residue in 10 cc. of hydrochloric acid, add 
30 cc. of water, boil and filter. Wash the residue with hot dilute 
hydrochloric acid (1:9) followed by water (Note 2). 

Evaporate the solution to dryness on a steam-bath, add 20 cc. of 
hydrochloric acid and warm gently until complete solution is obtained. 
Cool the solution in ice water and pass hydrochloric acid gas into it 
to saturation. Add 20 cc. of ether and continue passing the gas into 
the cold solution until it is again saturated. Allow the mixture to 
stand for several hours, keeping it cold by immersing the container 
in ice water. If the solution becomes warm or if it is not allowed to 
stand, the separation of hydrated aluminum chloride is not quite 
complete. 

Filter through asbestos (small Biickner-asbestos pad washed 
once with cold ether - hydrochloric acid mixture immediately before 
use), wash, by decantation, with a cold mixture of equal parts of 
strong hydrochloric acid and ether which has been saturated with 
hydrochloric acid gas. The aluminum chloride, retains a little 
vanadium. 

Dissolve the precipitated aluminum chloride in the least possible 
amount of dilute hydrochloric acid (1:9) back into the original beaker, 
from which all of the precipitate need not have been removed. 
Evaporate the solution to near dryness on a steam-bath, add 10 cc. 
of strong hydrochloric acid and pass hydrochloric acid gas into the 
solution to saturation, add 15 cc. of ether and continue passing 
hydrochloric acid gas to saturation, keeping the solution cold by 


1 Gooch-Havens, Am. Journal of Science, Vol. 4, pp. 11-416. 
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means of ice water. Let stand several hours, filter on asbestos and 
wash with the ether - hydrochloric acid mixture as before. 

Dissolve the aluminum chloride in dilute hydrochloric acid 
(1:9) into a 250-cc. beaker, add a few grams of ammonium chloride, 
make faintly alkaline with ammonia, boil, filter (using paper pulp), 
wash with hot water, dry, ignite and weigh as Al,Os. 

According to published data, this method gives a complete separa- 
tion of aluminum from iron, beryllum, zinc, copper, mercury and 
bismuth. A little vanadium is carried down in the first separation, 
but two chloride precipitations seem to give a practically complete 
separation. ‘The proportion of vanadium retained in the final alumina 
is hardly appreciable when working on a 35-per-cent vanadium alloy. 

The effect of chromium is not known; presumably some of it 
would be included in the Al,0;. This could be corrected for by fusing 
the Al,O; with sodium peroxide and estimating the Cr,O; by color. 


NOTES 

1. Dilute nitric acid (sp. gr. 1.135) is recommended for solution. While this 
requires rather long digestion at steam-bath temperature, solution seems to be quite 
complete even when the alloy is high in silicon. In some cases where silicon is very 
high it is necessary to use a little hydrofluoric acid with the nitric acid. In this case 
solution should be effected in a platinum dish, the solution evaporated to dryness 
and the dry residue transferred to a beaker before treatment with hydrochloric acid. 
A little dilute hydrochloric acid may be used to loosen any oxides that adhere to 
the dish. 

2. The siliceous residue may retain alumina; it should be ignited in platinum. 
Silica should be expelled by HF + H.SO, and the residue fused with KHSOy. After 
dissolving the fusion in water plus a little HCl, the liquid is made faintly alkaline 
with ammonia and boiled. Any iron and alumina precipitate is removed by filtra- 
tion, washed with water, dissolved in a little hot dilute HCl and added to the solution 
of the alumina obtained after the first ether - hydrochloric acid separation. 


FERRO-TUNGSTEN AND TUNGSTEN METAL 
DETERMINATION OF TUNGSTEN 


SOLUTIONS REQUIRED 


Cinchonine Solutton.—Dissolve 125 g. of cinchonine in a mixture 
of 500 cc. of HCl (sp. gr. 1.19) and 500 cc. of distilled water. 

Cinchonine Wash Solution.—Dilute 30 cc. of the above solution to 
one liter. | 

Treat 1 g. of the material passing a No. 100 sieve in a large 
(60-cc.) platinum crucible with 5 cc. of HF; add HNO; drop by drop 
until the metal dissolves. Add 3 to 4 cc. of HzSO, and evaporate on 
a steam-bath until HNO; + HF is expelled. Shake gently over a 


—— _—— 
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small Bunsen flame, or heat slowly in a sheet iron “‘radiator’”’ (de- 
scribed by Hillebrand)! until H,SO, fumes strongly. Cool, transfer 
to a’ 250-cc. beaker with water, finally wiping the crucible with a 
little filter paper. <A little WOs sticks to the crucible; it can not be 
removed by wiping. Reverse the crucible. Dilute the contents of 
the beaker to about 150 cc. with water, add 10 cc. of hydrochloric 
acid (sp. gr. 1.19) and boil for a few minutes. Remove from the 
source of heat, add 10 cc. of cinchonine solution and digest the solu- 
- tion at 80 to 90° C. with occasional stirring, for 30 to 45 minutes. 

Add some paper pulp to the solution, stir the solution and when 
the tungsten precipitate has settled, filter on a 9-cm. paper contain- 
aing a little “‘ashless” filter pulp, Wash thoroughly with hot cincho- 
nine solution and finally several times with warm 1-per-cent hydro- 
chloric acid. Gently ignite the filter and residue of crude WO; in the 
crucible in which it was originally treated until the carbon is consumed. 
Add a few drops of nitric acid and dry in the radiator. Ignite the 
covered crucible for 5 minutes in the full heat of a Bunsen burner, 
cool, and weigh. Ignitions may be made at about 750° C. in an 
electric muffle. As WO; is slowly but steadily volatilized at tempera- 
tures above 750° C., serious error may result from continued ignition 
of the tungsten trioxide at the temperature that is specified. Add 
about 5 g. of NasCO; and fuse, running the fusion around the side of 
the crucible to remove all WO;. Dissolve the fusion in hot water, 
add alchohol, heat, filter and wash with hot water. Place the filter 
in the crucible and ignite; add a little NasCO; and fuse again. Dis- 
solve the fusion in water, filter and wash very thoroughly with hot 
water to remove the last traces of NazCO;; ignite in the same cru- 
cible as at first, cool, and weigh. The difference between the weight 
of crucible plus residue and the weight of crucible plus impure 
tungstic oxide is WO; X0.7931=W. 


NOTES 


At the best, direct determination of tungsten in high-grade metal is subject to 
inherent errors. Accuracy within 0.2 per cent is all that can be expected by any 
method. 


DETERMINATION OF CARBON 


See the Determination of Carbon in Ferro-Chromium by the 
Direct Combustion Method.? The alloy ground to passa No. 100 
sieve and mixed with 2 g. of pure iron is burned in an electric furnace 
heated at 1050 to 1100° C. A “blank” on the ingot iron must be 
determined and deducted. 


1U.S. Geological Survey Builetin No. 700, p. 33. 
2See p. 101. . 
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DETERMINATION OF PHOSPHORUS 


Treat 1 g. of the finely powdered sample in a platinum dish, fitted 
with a gold cover, with 15 cc. of HNO; (sp. gr. 1.42), add 3 cc. of HF 
and warm gently. When action subsides add 3 cc. more of HF. 
After action subsides, boil, remove cover and if decomposition is not 
complete add more HF and boil again. When solution is complete, 
wash off the cover and evaporate at a low heat to a volume of about 
10 cc., then add 3 or 4 drops of concentrated permanganate solution 
and continue evaporation until crusts of WO; begin to form at the 
edges, that is to a volume of about 6 cc. Add 5 cc. of H2SO,. and evap- 
orate on the stove at a low heat until HF and HNO; are expelled 
and H2SO, fumes are given off. (Strong heat causes spattering and 
also causes hard over-baked crusts to form on the bottom of the dish 
which resist subsequent treatment.) Cool, add 25 cc. of water and 
boil (by agitating over a Bunsen flame) until all soluble salts are 
dissolved. Discharge pink color, due to excess permanganate, by 
adding sulfurous acid drop by drop. ‘The pink color may not be very 
evident but the SO. is added even so to reduce higher oxides of 
manganese. Boil for a minute or two after adding the SO. Add 1.20 
g. of pure tartaric acid and, when this is dissolved and the solution is 
cooled to a temperature of about 50° C., add 20 cc. of NH,OH (sp. 
gr. 0.90) diluted with an equal volume of water. The precipitated 
tungstic acid should dissolve completely, giving a clear solution. 
The solution becomes hot from the reaction between H2SO: and 
NH,OH. While it is still hot, add 10 cc. of magnesia mixture and 
transfer it from the platinum dish to a 6-oz. glass-stoppered bottle. 
Set the bottle in ice water and when it is thoroughly cooled add four 
or five glass beads about 6 mm. in diameter. Stopper it tightly and 
shake in an efficient shaking machine for at least ten minutes. The 
agitation should be violent. ‘The beads aid in starting the formation 
of the magnesium precipitate; after agitation add 15 cc. of strong 
NH.OH and return the bottle to the ice-water tank and put into a 
refrigerator to stand overnight. Phosphorus separates as magnesium 
ammonium phosphate free from tungsten but containing possibly 
basic magnesium compounds. After standing overnight filter the 
solution through a 9-cm. paper containing a little paper pulp and wash 
the bottle and paper thoroughly by small additions of ammonia 
wash water (1 part NH.OH to 3 parts HO). Do not attempt to 
remove all the precipitate from the bottle but remove the beads to 
the filter. The precipitate consists of magnesium ammonium phos- 
phate and arsenate together with silica and other impurities. Tin, 
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tungsten, molybdenum, vanadium and titanium are eliminated by 
precipitation with magnesia mixture in the presence of tartaric acid. 
Dissolve the magnesia precipitate in hot dilute HCl and evaporate to 
a small volume, say 7 or 8 cc. Add 10 cc. of strong HCl and 0.5 g. 
of KBr and evaporate to dryness. Take up with 5 cc. of HNO; 
and evaporate to dryness again. The KBr serves to reduce As” to 
As’”, The addition of strong HCl and boiling followed by evaporation 
to dryness eliminates As. Dissolve residue in 60 cc. of HNOs (sp. gr. 
1.135), filter into a 250-cc. shaking bottle; add 40 cc. of NH,OH (sp. 
gr. 0.96), cool to 33°C., add 30 cc. of molybdate solution (Blair) and 
finish the determination by the alkalimetric method (Handy) described 
in Blair’s Chemical Analysis of Iron. 


NOTES 


The usual proportions of HNO; and HF are reversed in order to provide a 
constant excess of HNO; to oxidize P. The procedure given takes a little longer 
than when the sample is treated with HF first and HNO; is added a little at a time, 
but the solution is finally complete. It is necessary to keep the platinum dish 
covered after action begins, as the reaction is somewhat violent. 

The platinum dishes recommended are: 


8 cm. in diameter at top; 
7.8 cm. in diameter at bottom; 
4 cm. high. 


They have flat bottoms and are wire-rimmed at the top to give additional stiffness. 
They weigh 58 to 60 g. each and hold about 175 cc. The covers are made of pure 
gold (for economy), ‘‘dished”’ like a crucible cover to fit the top of the dishes closely. 
The dishes have small lips to aid pouring. The ‘“‘tongue’’ of the cover overlaps the 
lip. Ordinary round-bottomed dishes may be used, but the manipulation is much 
more difficult; there is a greater tendency to spattering and danger of local baking 
or overheating in evaporating to fumes of H,5Q,. If the separated WO; is over- 
heated locally it does not dissolve readily in NH,OH. In flat-bottomed dishes, the 
_ WO; is spread in a thin layer and heat is applied evenly all over the bottom. 

A good shaking machine should be used. The magnesia precipitate may be 
started by shaking the bottles by hand, but it is a tiresome job. The solution must 
be cold, say 8 or 10° C., when shaking begins. 

Permanganate solution is added to insure complete oxidation of phosphorus, 
as in steel analysis. The color of the permanganate gradually fades in the hydro- 
fluoric nitric solution, but after evaporating to fumes and adding water the solution 
is usually slightly pink. 

The amount of tartaric acid is limited to 1.20 g. since ammonium tartrate retards 
the formation of the magnesia precipitate. Complete precipitation can only be 
obtained by brisk agitation and by keeping the solution very cold, followed by long 
standing in a cold place. By this method determinations started at 3 p.m. may be 
completed by noon the next day. 
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DETERMINATION OF SULFUR AND SILICON 


SOLUTIONS REQUIRED 


Cinchonine Solution—Thoroughly wash cinchonine reagent with 
hot water on a Buchner funnel, dry, and dissolve 125 g. of the 
washed cinchonine in a mixture of 500 cc. of HCl (sp. gr. 1.19) and 
500 cc. of distilled water. 

Cinchonine Wash Solution.—Dilute 30 cc. of the above solution 
to one liter. 

Barium Chloride Solution—One hundred grams of BaCh’2H:O 


to 1000 cc. 
SULFUR 


Fuse 2 g. of the finely powdered metal, intimately mixed with 
8 g. of dry NasCO; and 2 g. of powdered KNOs, in a large platinum 
crucible (40 cc.). The fusion is best done over an alcohol blast flame 
or in an electric muffle to avoid contamination with sulfur contained 
in illuminating gas. Leach the fusion with 100 cc. of distilled water 
in a 250-cc. beaker. Filter into a 12-cm. porcelain casserole and wash 
the residue several times with hot distilled water. The solution con- 
tains practically all of the sulfur and most of the tungsten and silica. 
The residue contains some of each, but not more than traces of sulfur. 

Render: the liquid acid with 20 cc. of HCl and evaporate to dry- 
ness on a steam-bath, thus precipitating tungstic acid. After the 
residue is dry, heat it to 110 to 120° C. in an oven to dehydrate silica, 
take up with 5 cc. of HCl and 50 cc. of water, add 3 cc. of a strong 
cinchonine solution and boil, or heat just short of the boiling point, 
for 30 minutes. Let the solution stand for at least three hours and 
preferably overnight. By means of the cinchonine, all WO; is ren- 
dered insoluble. Filter through an 11-cm. filter paper (free from ash) 
which has been liberally treated with an emulsion of filter paper pulp 
and wash the residue with dilute cinchonine solution. Reserve the 
residue. The filtrate contains all the sulfur; heat it to boiling and 
add 10 cc. of barium chloride solution, boil for ten minutes, allow it to 
stand overnight, filter on a 9-cm. filter paper (free from ash), wash 
repeatedly but not excessively with hot water, ignite in platinum and 
weigh as BaSO;. If the work is properly carried out every trace of 
WOs is removed from the solutions and there is no danger of including 
BaWO, with the BaSO,. If one suspects that the BaSO, is not quite 
pure, it should be fused with a little NazCO3, leached with water and 
filtered; the filtrate should be acidulated with HCl, a few drops of 
cinchonine solution added and the solution evaporated to dryness on 
a steam-bath. The dry residue should be dissolved in a little water, 
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a few drops of HCl added, and any residue filtered off. In the clear 
filtrate BaSO, should be again precipitated as before. The weight of 
BaSO.zX0.1374=S. : 

“Blanks” on all reagents must be made parallel with the deter- 
mination; this is important since all sodium carbonate obtainable 
contains sulfur and there is sometimes more or less of it in cinchonine. 
All evaporations should be made over steam and the operations 
conducted in a place free from sulfur gases. 


NOTE 


Evolution of sulfur in a stream of hydrogen saturated with hydrochloric acid 
as in Johnson’s Method is optional. 


SILICON 


The residue of tungstic oxide from which the solution for the 
determination of sulfur was filtered contains most of the silica. The 
residue from leaching the original fusion contains the rest. 

Wash the residue from Na,CO; fusion from the filter paper with 
a fine jet of water into a small casserole, add an excess of HCl and 
-evaporate to dryness on a steam-bath, heat the dry residue at 110 
to 120° C. to dehydrate the silica, drench with hydrochloric acid, 
dilute to 100 cc. with hot water, heat until salts are in solution, and 
» filter on a small filter paper (free from ash). Wash thoroughly with 
hot dilute HCl (1:100) and finally with hot water. Reserve the filter. 

Wash the residue of tungstic oxide, silica and filter paper pulp 

from the filter into a small casserole, add 5 cc. of HCl and heat for a 
few minutes, then filter again through the same paper and wash it 
thoroughly with hot water. ‘This second washing is necessary to remove 
sodium salts completely. (The original washing sufficed to remove all 
of the small amount of sulfur present.) Transfer the well-washed 
filter and residue to a platinum crucible, add the small filter con- 
taining the little silica recovered from the NazCO; fusion residue and 
ignite both to constant weight in a platinum crucible. On account of 
the presence of filter paper pulp, the ignited residue is porous and 
friable; if paper pulp had not been used the WO; would be dense and 
not easily susceptible to the subsequent treatment. Cool the ignited 
residue of WO; and SiO, and weigh it. Add 2 or 3 drops of H,SO, and 
5 or6cc.of pure HF. Digest at a gentle heat for some time, and then 
‘slowly evaporate off the HF. When H.2SO, fumes are evolved, cool 
and again add HF, digest as before, evaporate off the HF, ignite 
gently to expel H,SO, and heat strongly for ten or fifteen minutes. 
Cool and weigh. ‘The loss in weight after expulsion is SiO, which 
multiplied by 0.4672 equals silicon. 
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TENTATIVE RECOMMENDED PRACTICE 
FOR 
CARBURIZING AND HEAT TREATMENT OF CARBURIZED 
OBJECTS! 


Serial Designation: A 37-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It isnot a Standard of the Society and is subject to an ual revision, 


IssuED, 1925 


1. This recommended practice is intended solely for guidance, 
and is not to be construed as entering in any manner into specifica- 
tions of the American Society for Testing Materials. 

2. Carburizing is intended to increase the carbon content in the 
surface layers of low-carbon steel objects so they may be made hard 
and wear-resistant on the outside with a strong, tough, inner portion 
orcore. This type of structure is suitable for parts which are required 
to stand considerable shock and friction. The process consists in 
heating the steel in contact with a carbonaceous material for a long © 
time at temperatures above the critical temperature of the steel. 

3. The primary factors governing the process are: 

(a) Chemical composition of the steel; 
(b) The carburizing operation; 
(c) The hardening operation. 


4, The steel should be selected according to the service require- 
ments. A well-made carbon steel will be satisfactory for most ordi- 
nary purposes. The carbon content of simple and alloy steels should 
preferably be below 0.20 per cent. High manganese above 0.60 per 
cent is sometimes specified to obtain increased hardness and increased 
core strength. High phosphorus and sulfur contents improve the 
machineability but generally indicate a steel of poor quality. These 
elements are, however, often added intentionally to steels of good 
quality to improve their machining qualities. . 

1 Criticisms of this Recommended Practice are solicited and should be directed to Mr. J. H. Hall, 


Secretary of Committee A-4 on Heat Treatment of Iron and Steel, Taylor-Wharton Iron and Steel Co., 
High Bridge, N. J. 

This Recommended Practice, when adopted as standard, will supersede the present Recommended 
Practice for Heat Treatment of Case-Hardened Carbon-Steel Objects (Serial Designation: A 37 14), 
1924 Book of A.S.T.M. Standards. . 
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In alloy steels, nickel tends to retard the grain growth at car- 
burizing temperatures, depresses the critical temperature, and allows 
the steel to be hardened at lower quenching temperatures. Chromium 
is used alone in percentages up to 1.25 per cent and gives a greater 
abrasive hardness to the case. S. A. E. Steel No. 3115, containing 
about 1.25 per cent nickel and 0.60 per cent chromium is recommended 
for general high grade use. A molybdenum content of about 0.25 
per cent or combined with about 1.75 per cent of nickel is used with 


Thermo-Couple,, 


; | Cast lron Borings 
Protection haga | Cast Iron Borings or Clay 


good results. The use of molybdenum steel containing chromium 
is not recommended as this steel has an inherent tendency to distort 
in the carburizing operation. 

5. Carburizing materials are divided into three general classes: compounds. 

solids, liquids, and gases, the solid type being generally used. ‘The 
recommendations given apply to this type only. Commercial com- 
_ pounds are usually better than those made by the user. One part of 
new solid compound to three parts of used compound is recommended 
asa shop mixture. The used compounds should be screened to remove 
the dust. 

6. Packing pots are made from cast iron, cast and pressed steel containers. 
and special heat-resisting alloys. The latter are recommended. 
Comparisons are usually made on a heat-hour-cost basis, the life of 


Temperature. 


Pyrometers. 


Heating. 


Carburized 
Zone. 
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the containers being determined by actual service and this figure 
divided into the cost of the pot which gives the cost per service-heat- 
hour. The proportions of the pot in relation to the parts to be car- 
burized is of primary importance as well as the proper distribution of 
metal in the walls, reinforcement ribs, legs, etc. A compromise in 
size is found between the very small containers which are expensive 
in handling practice and the large containers which have a tendency 
to heat unevenly. The size of the pot should be governed by the 
size of the parts. } 

7. The effective temperature is the temperature inside the pot. 
The carburizing time should be designated as the number of hours 
at the carburizing temperature. ‘The heating through of the pots is 
judged in two ways: by estimating with the eye, and by placing 
thermocouples inside the pot as shown in Fig. 1. The latter method 
is recommended except on pots which are so small that it would be 
impracticable to place a thermocouple inside them. 

-8. The use of recording pyrometers is recommended. Where 
the method shown in Fig. 1 is used, an extra couple should be placed 
in the furnace so that the furnace temperature may be more readily 
controlled, as otherwise excessive furnace temperatures or extremely 
variable heats may be obtained. 

9. Quick heating to the carburizing temperature will cause more 
distortion of the parts than slow heating. ‘The temperature in any 


pot must be comparable with the temperature inside any other. To | 


this end, the furnace must be designed to heat evenly and the pots 
must be spaced on the furnace hearth so that they will be heated 
evenly and uniformly. 


10. The carbon content at the surface of the work increases with — 


the carburizing temperature. ‘The formation of free carbide at the 
grain boundaries is undesirable, as it leaves a very brittle surface 
exposed to the service stresses. The surface carbon should not exceed 
1.15 per cent. ‘This will be reduced by the finish grinding operation. 
The carbon content is governed by the carburizing compound and 
the temperature while gradation depends upon the analysis of the 
steel and the rate of cooling. The allowable temperature depends 
upon the nature of the work. ‘Temperatures of 941 to 954° C. 
(1725 to 1750° F.) may be used where speed and low expense are 
primary considerations. For general practice, 899° C. (1650° F.) is 
recommended. The carburizing temperature should be lowered 
about 38° C. (100° F.) when the regenerative quench is not to be 
used. Thin cases, of 0.010 to 0.015 in., are better obtained with a 
carburizing temperature of 843° C. (1550° F.). 
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120 TENTATIVE RECOMMENDED PRACTICE FOR CARBURIZING 


11. The “depth of case” 


shall be taken to be the depth of the 


refined case to be observed with the naked eye after carburizing, 
hardening at the temperature giving maximum case refinement, and 


breaking for fracture. 


12. To obtain the best core condition, the part should be allowed 
to cool in the pots, outside the furnace, reheated and quenched from 
a temperature which will refine the core and break up any undesirable 


structures of cementite. 


This is called a regenerative quench. 


TABLE IJ.—COMMON DEFECTS IN CARBURIZED OBJECTS. 


Defect Cause 

A. Carburizing tempera- 

ALF ture not correct. 
1. Furnace temperature 
Woke Ne uneven. ‘Temper- 
carbon con- ature of containers 

tent out- not uniform. 

side speci- A2. Faulty pyrometer 


readings. 

. Carburizing com- 
pound too weak or 
too strong. 


fied limits. A3 


B1. Improper hardening. 
Temperature low 
or uneven. 
B2. Improper quench. 
Soft spots ob- | | B3. Surface decarburized. 
tained in 
hardening. 


B4. Low carbon content 
or uneven penetra- 
tion. 


C1. Too high hardening 


i temperatures, 
Unsatisfac- 
tory frac- C2. High surface carbon 


Indication 


Results vary in the same 
furnace and from the 
same containers. 


Entire furnace charges 
unsatisfactory. 

Results from entire de- 
partment vary from 
usual results. 


File test. 


File test. 

File test. Determine 
whether decarburization 
occurred in carburizing 
or hardening furnace. 

As above for B3. 


Fracture test. 


Fracture test. 


Correction 


Redesign furnaces. Modify heating practice. 
Allow longer time for bringing furnaces 
to temperature. 


Check pyrometer system. 

Check carburizing compound before accept- 
ing shipment. Change time and temper- 
ature until desired results are obtained. 

Raise hardening temperature. 

Use faster quench, brine or spray. 


Correct carburizing practice. Correct heat~ 
ing practice for hardening. 


Correct carburizing practice. Try other 
compound. Check pyrometers. 
Decrease or adjust hardening temperature. 


Decrease hardening temperature. Use 
double quench with rather high tempera- 


(freckled edges). 
are ture for regenerative quench. Use 
weaker compound. 


13. The cooling of the carburized parts should take place in 
the containers, outside of the furnace. Where cost of production is 
vital, the parts may be quenched directly from the pot in either oil 
or water. 

14. In natsnnintne the depth of case desired, sufficient allowance 
must be made for the metal which will later be removed by grinding. 
A tempering operation will tend to eliminate the tendency for grind- 
ing cracks to form. 

15. The hardening temperature of the case is below the critical 
temperature of the core and the grain size produced in the core, by 
the carburizing temperature or regenerative quench, is not affected. 
The hardening temperature should be chosen as the temperature 
which gives the best fracture on several dummies or experimental 
pieces hardened from various temperatures. The figures given in Table 
I are the middle of the probable range of hardening temperatures. 
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16. The tendency to distort may be avoided by a preliminary 
heat treatment, either before or after the rough machining operation. 
The method of carburizing must be studied and the subsequent 
hardening operations carried on with extreme care as to the heating 
and cooling cycles. In many cases, the regenerative quench must be 
omitted as the high temperature of this operation causes too much 
warping. When omitted, the carburizing temperature should be 
lowered about 38° C. (100° F.). 

17. Tempering may be carried on at low temperatures, for the 
relief of strains, or at high temperatures, for the increase of toughness 
and uniformity without materially decreasing the hardness. An oil 
bath is preferable to an open furnace for temperatures up to 316° C. 
(600° F.). For simple carbon steels, a softening of the surface is 
found when the tempering temperature exceeds 190 to 204° C. (375 
to 400° F.). For maximum hardness the temperature should be kept 
below this figure. } 

18. Table II shows in condensed form the most common defects 
in carburized work together with the possible causes and methods for 
their identification and correction. 
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TENTATIVE SPECIFICATIONS 
FOR 
PHOSPHOR TIN! 


Serial Designation: B 51-24 T 
This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. Itisnot a Standard of the Society and is subject to annual revision. 


ISSUED, 1924 
1. These specifications cover phosphor tin in one grade. 


I. MANUFACTURE 


2. The manufacturer shall use new tin of uniform quality through- 
out in the manufacture of phosphor tin. 

3. The manufacturer or vendor shall furnish phosphor tin ingots 
in the form of notched slabs of a size that can be handled conveniently. 

4. Phosphor tin shall be clean, free from defects, and uniform 
in quality. 


II. CHEMICAL PROPERTIES AND TESTS 


(A) Chemical Composition 


_5. The material shall conform to the following requirements as 
to chemical composition: 


Phosphorus, tnintmuiny Givnyvc in. oasl ee aS ee 3.50 per cent — 
Phosphorus plus ‘tiny minimus) 5 4's.5s « is wee 99.50 i 


(B) Sampling and Testing 


6. One ingot from each melt or portion of melt shall be selected 
and not less than 140 g. of clean fine drillings or sawdust shall be 
taken from the ingot and mixed thoroughly. ‘The ingots selected 
shall be drilled completely through or one-half through from top to 
bottom, the surface material being rejected. 


1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. P. D. 
Merica, Secretary of Committee B-2 on Non-Ferrous Metals and Alloys, International Nickel Co., 
67 Wall St., New York City. 
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III. MARKING 


7. A brand and melt number shall be cast or otherwise plainly 
marked upon each slab or ingot by which the manufacturer and heat 
may be identified. Marking may be done either by stamping or 
painting. 


IV. CLAIMS 


8. Claims to be considered shall be made in writing within ten 
days of receipt of material at the purchaser’s plant and the results 
of the purchaser’s tests shall be given. The vendor shall within ten 
days of such claim, either agree to satisfy the claim or send a repre- 
sentative to the purchaser’s plant to resample the shipment as specified 
in Section 6. Samples so taken shall be sealed and submitted to a 
mutually agreeable umpire, whose determination shall be final. 

9. The expenses of the umpire analysis shall be paid by the 
loser, or divided in proportion to the concession made, in case of 
compromise. In case rejection is established, the damage shall be 
limited to the payment of freight both ways by the vendor for the 
substitution of an equivalent weight of metal meeting specifications. 


Markings. 


Claims. 


TENTATIVE SPECIFICATIONS 
FOR 
PHOSPHOR COPPER! 


Serial Designation: B 52-24 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to annual revision. 


ISSUED, 1924 


1. Under these specifications phosphor copper is considered in 
two prades. 


I. MANUFACTURE 


- 2. The manufacturer shall use new metal, or new metal and 
scrap resulting from the manufacture of ingots of similar composi- 
tion, in the manufacture of this material. , 

3. The manufacturer or vendor shall furnish phosphor copper 
as ingots in the form of notched slabs, weighing from 15 to 20 Ib., 
unless otherwise specified in the contract. 

4. Phosphor copper shall be clean, free from defects and uniform 
in quality. 


II. CHEMICAL PROPERTIES AND TESTS 
(A) Chemical Composition 


5. The material shall conform to the following requirements as 
to chemical composition: 


PHOSPHORUS 
PHOSPHORUS, PLUS COPPER, IRON, 
MInImuM, MINIMUM, MaxIMuM, 
PER CENT PER CENT PER CENT 
ESTAS AC re he LAE OEY ce nso 14.0 99.75 O15 
CTAUEES Bee eG ee ene ets 6 ate ese 10.0 99.75 015 


(B) Sampling and Testing 


6. One ingot from each melt or portion of melt shall be selected 
and not less than 140 g. of clean fine drillings or sawdust shall be 
taken from the ingot and mixed thoroughly. ‘The ingots selected 

1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. P. D.- 


Merica, Secretary of Committee B-2 on Non-Ferrous Metals and Alloys, International Nickel Co., 
67 Wall St., New York City. 
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shall be drilled completely through or one-half through from top and 
bottom, the surface material being rejected. 


III. MARKING 


7. A brand and melt number shall be cast or otherwise plainly 
marked upon each slab or ingot by which the manufacturer and 
heat may be identified. Marking may be done either by stamping 
or painting. 


IV. CLAIMS 


8. Claims to be considered shall be made in writing within ten 
days of receipt of material at the purchaser’s plant, and the results 
of the purchaser’s tests shall be given. The vendor shall within ten 
days of such claim, either agree to satisfy the claim or send a repre- 
sentative to the purchaser’s plant to resample the shipment as specified 
in Section 6. Samples so taken shall be sealed and submitted to a 
mutually agreeable umpire, whose determination shall be final. 

9. The expenses of the umpire analysis shall be paid by the loser, 
or divided in proportion to the concession made, in case of com- 
promise. In case rejection is established, the damage shall be limited 
to the payment of freight both ways by the vendor for the substitu- 
tion of an equivalent weight of metal meeting specifications. 


TENTATIVE SPECIFICATIONS 
FOR 
SILICON COPPER! 


Serial Designation: B 53-24 T 
This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It isnot a Standard of the Society and is subject to annual revision. 


ISSUED, 1924 
1. These specifications cover silicon copper in one grade. 


I. MANUFACTURE 


2. The manufacturer shall use new metal, or new metal and 
scrap resulting from the manufacture of ingots of similar composition 
in the manufacture of this material. 

3. The manufacturer or vendor shall furnish silicon copper in 
the form of ingots or notched slabs of such size that they can be 
handled conveniently. 


4. Silicon copper shall be clean, free from defects, and uniform — 


in quality. 
II. CHEMICAL PROPERTIES AND TESTS 
(A) Chemical Composition 


5. The material shall conform to the following requirements as 
to chemical composition: 


SHUCON Mie ail avy ie sw tree eumeatte tol oa Gol aan 10 to 12 per cent 
Tin, MARIMUi oc inde nee Ghee an ans). 0.25 is 
ZAVCy POOKIE see ee ee AG ee a ie 0.25 x 
Tron Mate el fate eas « Glee 0.75 % 
Aluminum, maximtim y/o eo. 20 eee 0.25 ? 
CODDEr ig Meee kan. hc ke eeivera sc c sic Remainder 


The sum of the copper, silicon and iron content shall be not less than 
99.4 per cent. 


1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. P. D. 
Merica, Secretary of Committee B-2 on Non-Ferrous Metals and Alloys, International Nickel Co., 
67 Wall St., New York City. 
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(B) Sampling and Testing 


6. One ingot from each melt or portion of melt shall be selected 
and not less than 140 g. of clean fine drillings or sawdust shall be 
taken from the ingot and mixed thoroughly. The ingots selected 
shall be drilled completely through or one-half through from top 
and bottom, the surface material being rejected. 


III. MARKING 


7. A brand and melt number shall be cast or otherwise plainly 
marked upon each slab or ingot by which the manufacturer and 
heat may be identified. Marking may be done either by stamping 
or painting. 


IV. CLAIMS 


8. Claims to be considered shall be made in writing within ten 
days of receipt of material at the purchaser’s plant, and the results 
of the purchaser’s tests shall be given. ‘The vendor shall within ten 
days of such claim, either agree to satisfy the claim or send a repre- 
sentative to the purchaser’s plant to resample the shipment as specified 
in Section 6. Samples so taken shall be sealed and submitted to a 
mutually agreeable umpire, whose determination shall be final. 

9. The expenses of the umpire analysis shall be paid by the 
loser, or divided in proportion to the concession made, in case of 
compromise. In case rejection is established, the damage shall be 
limited to the payment of freight both ways by the vendor for the 
substitution of an equivalent weight of metal meeting specifications. 


TENTATIVE SPECIFICATIONS 
FOR 
ALUMINUM BASE ALLOY SAND CASTINGS! 


Serial Designation: B 26-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to annual revision. 


IssuED, 1924; REVISED, 1925. 


Material 1. These specifications cover commercial aluminum base alloy 
oes sand castings having a specific gravity of 3 and less. 


I. MANUFACTURE 
Process. _ 2, The alloy may be made by any approved method. 


II. CHEMICAL PROPERTIES AND TESTS 


Chemical 3. The following alloys are described by these specifications; 
Composition. they shall conform to the following requirements as to chemical 
composition: 
Aluminum,} Copper, Tron, Silicon, | Magnesium,| Manganese,| Zine, 
Alloy | per cent | percent |percent| percent | per cent per cent | per cent Remarks 
Avert. not under | 1to1.5 |notover| not over trace 0.7 t02.0| trace 
96.5 0.5 0.5 
Bice sist not under | not over | not over| 4.5 to 6.0 trace not over | not over 
92.5 0.6 1.0 0.2 0.20 : 
Ome motcunders| @7-to Sib ee soe pubeanics MCW Male cis, 2 |e lsrametae notover}| Total of Fe, Si, Mn, Zn 
90.0 0.20 | and Sn not to exceed 1.70 
per cent. 
Dict. 2 1888 tor922 26 f0/8.0 41 not-overime cw. hl mercer, ele nrnene notover| Total of Si, Mn, and Sn 
1.50 2.50 | not to exceed 1.00 per 
cent. ‘ 
Sampling. 4. (a) The sample for chemical analysis may be taken either by 


sawing, drilling or milling the casting or tension test specimen and 
shall represent the average cross-section of the piece. 
(b) The saw, drill, cutter or other tool used shall be thoroughly 
\ cleaned. No lubricant shall be used in the operation, and the sawdust 


1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. P. D. 
Merica, Secretary of Committee B-2 on Non-Ferrous Metals and Alloys, International Nickel Co., 
67 Wall St., New York City. 

These Tentative Specifications, when adopted as standard, will supersede the present Standard 
Specifications for Light Aluminum Casting Alloys (Serial Designation: B 26-21), 1924 Book of — 
A.S.T.M. Standards. 
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or metal chips shall be carefully treated with a magnet to remove 
any particles of iron introduced in taking the sample. 
III. PHYSICAL PROPERTIES AND TESTS 


5. The alloys shall conform to the following minimum require- 
ments as to tensile properties: 


Minimum Minimum 
Alloy Tensile Strength, | Elongation in 2 in., 
Ib. per sq. in. ) per cent 
J. Redken SR Seka SACLAY 18 000 8 
NGM id cre icis.tis ws oie Seca 16 000 3.5 
be, CNRS Foe ERTS Wh fee 18 000 
Deere Sacares cle toes ee 19 000 


6. (a) Two test bars shall be an integral part of large castings, 
or cast separately in the case of small castings to represent a lot or 
melt, and shall be molded in a manner similar to the castings which 
they represent. If the castings are heat treated, the test bars 
representing such castings shall be similarly heat treated. 

(b) The manufacturer and purchaser shall agree whether the 
test bars can be attached to castings, on the locations of the bars, 
on the castings to which bars are to be attached, on the method of 
casting unattached bars and whether a “‘cast-to-size bar” or a 
““machined-to-size bar’’ shall be used. 

(c) The “machined-to-size bar”’ shall be cast according to the 
dimensions shown in Fig. 1, and machined to conform to the 
dimensions shown in Fig.2. The “‘cast to size”’ bar shall be cast 
according to the dimensions shown in Fig. 2 and shall be tested 
without machining. ‘The ends shall be of a form to fit the holders 
of the testing machine in such a way that the load shall be axial. 

7. (a) Tests shall as far as possible be made by heats or melts, 
but unless otherwise agreed, two tension tests shall be made upon 
each unit lot of 500 |b. or single delivery of less than 500 lb. 

(b) If any test specimen shows defective machining or develops 
flaws, it may be discarded; in which case the manufacturer and the 
purchaser or his representative shall agree upon the selection of 
another specimen in its stead. 


IV. INSPECTION AND REJECTION 


8. (a) Inspection may be made at the manufacturer’s works 
where the castings are made, or at the point at which they are received, 
at the option of the purchaser. 


Tension 
Tests. 


Test 
Specimens. 


Number of 
Tests. 


Inspection. 


Rejection. 
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(6) If the purchaser elects to have inspection made at the manu- 
facturer’s works, the inspector representing the purchaser shall have 
free entry, at all times while work on the contract of the purchaser is 
being performed, to all parts of the manufacturer’s works which con- 
cern the manufacture of the material ordered. ‘The manufacturer 
shall afford the inspector, without charge, all reasonable facilities to 


NOTE: 

The Gage Length, Parallel Section and Fillets 
shall be as shown, but the Ends may be of any 
Shape to permit of Machining according to 
‘the Requirements of Fig. 2. 

it’s recommended, that Diameter d be from 
Z"to lg’ 


ik-—--6ageLergt £5 


NOTE : 
the Gage Length, Paralle/ Section and Fillers 

shall be as shown, but the End's may be of any’ 
Shape to tit the Holders of the Testing Machine 
in such a way, that the Load shall be Axial. 

‘ [tis recommended, that Diameter d, be trom 
a" to P aei4 
4 


BiG: a? 


satisfy him that the material is being furnished in accordance with 
these specifications. All tests and inspection shall be so conducted 
as not to interfere unnecessarily with the operation of the works. 

9. Castings which show injurious defects revealed by machining 
operations subsequent to acceptance may be rejected, and if rejected, 
shall be replaced by the manufacturer free of charge to the purchaser. 
The full weight of the original material rejected shall be returned to 
the manufacturer. 


SERIAL DESIGNATION: B 26-25 T 131 


EXPLANATORY NOTES 


The Naval Gun Factory has been the largest user of Alloy A. Its resist- 
ance to salt-water corrosion makes it suitable for marine equipment. Although 
very large castings have been successfully poured from it, Alloy A is gener- 
ally regarded as difficult to handle in the foundry. Its proportional limit is 
rather low. 

Alloy B possesses very good foundry characteristics; the melt is quite 
fluid and the solidification shrinkage is low. It is especially suitable for the 
production of dense non-porous castings and of intricate shapes containing 
both heavy and thin sections. This alloy is the most resistant to corrosion 
of all the commonly used aluminum casting alloys. It is somewhat more 
difficult to machine than the other alloys and, as in the case of Alloy A, pos- 
sesses a rather low proportional limit. 

Alloys C and D are similar, both being substantially aluminum-copper 
alloys. The composition limits are such that secondary metal can be used in 
the manufacture of Alloy D. While no lower limits are placed on the iron 
and zinc in Alloy D, it is assumed they will be present and they are stated to 
improve the machining qualities of the castings. 

The pattern maker’s shrinkage is usually taken as 0.156 in. per foot for all 
these alloys. The weight lies within the range of 0.096 lb. per cu. in. for Alloy 
B, and 0.103 lb. per cu. in. for Alloy C, corresponding to the specific gravities 
2.66 and 2.85, respectively. These are approximate values, since the weights 
will vary with the actual compositions of the individual samples. 

Section 5.—The elongations of Alloys C and D are usually so low as to 
present difficulties in their accurate measurement. The fact that a very large 
percentage of all aluminum castings produced in this country is made from 
these alloys, is evidence that the low elongation is not indicative of excessive 
brittleness. 

Section 6.—Some latitude has been allowed in the matter of test specimens; 
test bars ‘‘cast to size” are stronger than those which are ‘‘machined to size”’ 
and the tensile properties specified are regularly obtained in commercial pro- 
duction only with the ‘‘cast to size” bar. When “machined to size” specimens 
are required to meet the values given in these specifications, rejections may be 
expected to run higher than those experienced in usual commercial production. 
Owing to insufficient information being available on the tensile properties of 
“machined to size’? specimens it was not possible to include a separate table of 
values for this type of specimen. 

It is strongly recommended that a self-centering form of tension test 
specimen holder be used. Most aluminum alloys are brittle and give lower 
and less uniform test results when tested in ordinary wedge grips without 
centering. 


Scope. 
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TENTATIVE SPECIFICATIONS 
FOR 
BRONZE TROLLEY WIRE} 


Serial Designation: B 9-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It isnot a Standard of the Society and is subject to annual revision. 


ISSUED, 1925. 


I. MANUFACTURE 
1. These specifications cover round and grooved bronze trolley 
wire. 
2. The material used shall be bronze of such nature and com- 


position as to secure by proper treatment the qualities hereinafter — 


specified for the finished wire. The copper used shall be electro- 
lytic or low-resistance lake copper conforming in quality and purity 
to the requirements of either the Standard Specifications for Electro- 
lytic Copper Wire Bars, Cakes, Slabs, Billets, Ingots and Ingot Bars 
(Serial Designation: B 5) or of the Standard Specifications for Lake 
Copper Wire Bars, Cakes, Slabs, Billets, Ingots and Ingot Bars (Serial 
Designation: B 4) of the American Society for Testing Materials.? 

Bronze of two qualities may be required: 

(a) High Strength. 

(6) Medium Strength. 


II. PHYSICAL PROPERTIES AND TESTS 


(A) Round Wire. 


3. (a) Round wire shall be so drawn that its tensile strength and 
elongation shall not be less than the values given in Table I. 


1 These specifications were prepared by Committee B-1 on Copper Wire in cooperation with a 
committee of the American Electric Railway Engineering Association. The specifications of the 
two organizations are identical save with respect to the requirements for the twist test, Section 4. 
Further cooperative work with respect to these requirements is being undertaken. 

Criticisms of these Tentative Specifications are solicited and should be directed to Mr. J. A. 
Capp, Chairman of Committee B-1 on Copper Wire, General Electric Co., Schenectady, N. Y. 

These tentative specifications, when adopted as standard, will supersede the present Standard 
Specifications for High-Strength Bronze Trolley Wire, Round and Grooved (Serial Designation: 
B 9 — 16), 1924 Book of A.S.T.M. Standards. 

21924 Book of A.S.T.M. Standards. 
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The elongation shall be determined as the permanent increase 
in length due to the breaking of the wire in tension measured between 
bench marks placed upon the wire originally 10 in. apart. The 
fracture shall be between the bench marks and not closer than 1 in. 
to either bench mark. 

(b) Tests upon a section of wire containing a braze shall show at 
least 95 per cent of the tensile strength of the unbrazed wire. 

Elongation tests shall not be made on test sections including 
brazes. 

4. For the purpose of determining and developing defects which 
may be prejudicial to the life of trolley wire, owing to its peculiar 
service, as compared to that of copper wire for other purposes, round 
wire shall be subjected to the following twisting test. Three twist 
tests shall be made upon samples 10 in. in length between the holders 


TABLE I.—VALUES FOR TENSILE STRENGTH AND ELONGATION OF ROUND WIRE. 


Hi1GH-STRENGTH BRONZE WIRE MEDIUM-STRENGTH BRONZE WIRE 


AREA, TENSILE ELONGATION TENSILE ELONGATION 

DIAMETER, CIRCULAR STRENGTH, IN 10 IN., STRENGTH, IN 10 IN., 

IN. MILS LB. PER SQ. IN. PER CENT LB. PER SQ. IN. PER CENT 
Oy S48 hyd. 300 000 70 000 4.50 60 000 4.50 
0.460..4-. 211 600 73 000 3u25 62 000 3.75 
4100 2% 168 100 76 000 S525 64 000 3228 
CAO. Ck 133/225 79 000 2.80 66 000 2.80 
OSS25 685 os 105 625 81 000 2.40 69 000 2.40 


ofthe machine. The twisting machine shall be so constructed that 
there is a linear motion of the tail stock with respect to the head. 
The twist shall be applied not faster than 10 turns per minute. All 
three samples shall be twisted to destruction and shall not reveal 
under test any seams, pits, slivers, or surface imperfections of suffi- 
cient magnitude to indicate inherent defects or imperfections in the 
wire. At the time of fracture the wire shall be twisting with reason- 
able uniformity. Wire shall not be considered satisfactory which 
does not withstand at least twenty turns before breaking. 

5. Electric resistivity shall be determined upon fair samples by 
resistance measurements at a temperature of 20° C. (68° F.). 

High-strength wire shall not exceed in resistivity 0.38320 ohms 
per meter gram. Medium-strength wire shall not exceed in resistivity 
0.23574 ohms per meter gram. 

The values given above are based on bronzes of copper-tin com- 
positions and represent classes of such wire formerly referred to as 
40-per-cent and 65-per-cent conductivity wire. 

Lower resistivities in wires meeting the physical qualifications of 
these specifications may be obtained by the use of other alloys. 


Twist Test. 


Resistivity. 
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(B) Grooved Wire. 


Physical 6. (a) The physical tests for grooved wire shall be made in the 
Properties same manner as those upon the round wire 
and Tests. . 


The tensile strength of 
grooved wire shall be at least 95 per cent of that required for round 


wire of the same nominal cross-sectional area; the elongation shall be 


an Sey Ge ae 
o/ } 
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Nl »0,015..R,. 
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Grooved Wire 


Grooved Wire 
Nominal Cir. Mils, 300 000 Nominal Cir. Mils, 211 600 
Actual Area, 0.2356 sq.in. Actual Area, 0.1665 sq.in. 
Calculated Weight, 4786 lb. Calculated Weight, 3382 lb. 
per mile per mile 


Grooved Wire 


Grooved Wire 
Nominal Cir. Mils, 168 100 Nominal Cir Mils, 133 225 
Actual Area, 0.1314 sq.in. Actual Area, 0.1083 sq.in, 
Calculated Weight, 2669|b. Calculated Weight, 2201 Ib., 
per mile per mile 
Fic. 1. 


the same as that required for round wire of the same nominal cross- 
sectional area. The twist test shall be omitted. 


(b) Tests upon a section of wire containing a braze shall show at 
least 95 per cent of the tensile strength of the unbrazed wire 
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Elongation tests shall not be made on test sections including 
brazes. 
7. The requirements for resistivity of grooved wire shall be the Resistivity. 
same as those for round wire of the same nominal cross-sectional area. 


III. DIMENSIONS AND PERMISSIBLE VARIATIONS 
(A) Round Wire. 


8. (a) The size shall be expressed as the diameter of the wire in Dimensions 
decimal fractions of an inch, using not more than three places of erat 
decimals, 7. €., in mils. Variations. 

(6) Wire shall be truly cyclindrical in eee The diameter shall 


not vary more than 1 per cent over or under the diameter specified. 


(B) Grooved Wire. 

9. Standard sections of grooved trolley wire shall be those known Sections. 
as the “American Standard Grooved Trolley Wire Sections” (the 
Standard Design of the American Electric Railway Engineering 
Association), shown in Fig. 1. 

10. (a) Size shall be expressed as the nominal area of cross-section Dimensions 
in circular mils, the standard sizes being as follows: mae rage 


missible 
CALCULATED WEIGHT Variations. 

NoMINAL AREA, AcTuaL AREA, BASED ON ACTWAL AREA, 
CIRCULAR MILS SQ. IN. LB. PER MILE 

300 000 0.2356 4786 

211 600 0.1665 3382 

168 100 0.1314 2669 

Ho 225 0.1083 2201 


(b) The weight of grooved trolley wire shall not vary more than 
4 per cent over or under the weights specified in Paragraph (a). 


IV. FINISH 


11. (a) The wire shall be of uniform size, shape, and quality Finish. 
throughout, and shall be free from all scale, flaws, splits and scratches 
not consistent with the best commercial practice. 

(b) Necessary brazes in trolley wire shall be made in accordance 
with the best commercial practice. 


V. PACKING 


12. All wire shall be shipped on substantial reels, suitable for the Packing and 
weight of the wire handled, and shall be well nEctecten from injury. ShPrine- 
If reels are to be lagged, it shall be so specified by the purchaser. 

The ends shall be securely fastened to the sides of the reels with 
no less than six staples. ‘The staples shall be at least 2 in. in length 


Inspection. 


Rejection. 
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and made from not less than 0.145-in. diameter wire. Care shall be 
exercised in stapling not to damage the surface of the exposed layer 
of wire. All reels shall have the arbor holes reinforced with steel 
plates. Reels shall be marked legibly and indelibly with a serial 
number, size, kind, length and weight of wire, and such other infor- 
mation as is desired by the purchaser. The length or weight of wire 
to be wound upon reels shall be agreed upon in placing individual 
orders. 


VI. INSPECTION AND REJECTION 


13. All tests governing the acceptance or rejection of the wire, 
unless otherwise specified, shall be made at the place of manufacture 
with apparatus furnished by the manufacturer and in the presence 
of the purchaser, or his representative, who shall be furnished a copy 
of the tests. Every facility shall be given the purchaser, or his repre- 
sentative, to satisfy him as to the reliability of the results before the 
wire is delivered. If the purchaser waives inspection, and if he so 
elects at that time, he shall be furnished with a certified copy of tests 
made by the manufacturer. 

14. Any reel of wire which fails to meet the requirements herein- 
before specified may be rejected. Failure of 30 per cent of the num- 
ber of reels ready for inspection at one time shall be deemed sufficient 
cause for the rejection of the whole lot. 


TENTATIVE SPECIFICATIONS 
FOR 
SOFT RECTANGULAR COPPER WIRE! 


Serial Designation: B 48-23 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to revision. 


ISSUED, 1923. 


I. MANUFACTURE 

1, These specifications cover soft or annealed rectangular copper Scope. 
wire with rounded corners. 

2. The copper shall conform in quality and purity to the require- Material. 
ments of either the Standard Specifications for Lake Copper Wire 
Bars, Cakes, Slabs, Billets, Ingots, and Ingot Bars (Serial Designa- 
tion: B 4) or of the Standard Specifications for Electrolytic Copper 
Wire Bars, Cakes, Slabs, Billets, Ingots, and Ingot Bars (Serial 
Designation: B 5) of the American Society for Testing Materials. 


II. PHYSICAL PROPERTIES AND TESTS 
3. The wire shall conform to the following requirements as to Physical 


tensile properties: our: 
MaxIMUM MINIMUM ELONGATION 

THICKNESS, TENSILE STRENGTH, IN 10 IN., 

IN. LB. PER SQ. IN. PER CENT 
Opt awe OL O00 aimee ee as a a CBee Py boo ole ms 14 
Peeper tey 02 02 O:52'2. 4h poem pe oat ota go aces 8 taal 40 000 20 
Rea, tcc (05 Os, te aon ee atale Wleo ck% « elds 38 500 25 
OEE 289 x. «5s saccers cata eae REUESG, An ccieo is crkdt'a Ze 37 000 30 
ee Oth. La OU, a aes in eh Re een NEE. 4 clk 36 000 33 


The elongation shall be measured between bench marks placed 
upon the wire originally 10 in. apart and the fracture shall be between 
the bench marks and not closer than 1 in. to either bench mark. If 
upon testing a sample from any coil or reel, the results do not conform 
to the specified requirements two additional samples shall be tested 
and the average of the three tests shall determine acceptance or 
rejection of the coil or reel. 

1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. J. A. Capp, 


Chairman of Committee B-1 on Copper Wire, General Electric Co., Schenectady, N. Y. 
21924 Book of A.S.T.M. Standards. 
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4. Electric resistivity (Note 1) shall be determined upon fair. 
samples by resistance measurements at a temperature of 20° C. 
(68° F.) and shall not exceed 891.58 lb. per mile-ohm. 


III. DIMENSIONS AND PERMISSIBLE VARIATIONS 


5. (a) The permissible variation in thickness, above or below the 
specified thickness, for different widths shall not exceed the limits 
given in the following table (Note 2): 


PERMISSIBLE VARIATIONS 


SPECIFIED 
THICKNESS, 4 IN. OR LESS OVER j IN. TO 1 IN. Over 1 IN. 
IN. IN WIDTH IN WIDTH IN WIDTH 
OFO50 Or [esse ty ye 0.001 in. 0.001 in. 0.0015 in. 
OOS to 0 OLO0 oe caaine ors. 0.001 in. 0.001 in. 0.002 in. 
0. 101:t6:022004.) ens 1 per cent 1 per cent 0.0025 in. 
0°20 1t010 9300 ..9 2 nes 1 per cent { per cent 0.003 in. 
0, 301ito 0,500.4) eee 0.003 in. 1 per cent 1 per cent 
O° DOL OT OVER. «os sotore eermunlel eters 1 per cent 1 per cent 


(b) A variation of +0.003 in. will be permitted in the width of 
wire 0.300 in. or less in width; wire 0.301 to 1.50 in. in width may 
vary +1 per cent; wire greater than 1.50 in. in width shall not vary 
more than +0.016 in. from the specified width. 

(c) Dimensions shall be expressed in decimals of an inch. 

(d) Rectangular wire shall have edges with corners rounded to a 
radius as given in the following table: 


THICKNESS, WIpTH, 0 TO WipTH, 0.439 To WIDTH, 0.626 IN, 
IN. 0.438 IN. 0.625 IN. OR OVER 
0.050 orless....... Half Round Half Round Half Round 
0,'051.40.,0)sb05. .rag 0.025 Half Round Half Round 
0: 106:to 0.125 sic: 0.031 Half Round Half Round 
O/126'to 0.165. 02). 0.031 0.047 0.063 
0566 tO 02225....% 0.047 0.047 0.063 
0.226 to 0.438..... 0.063 ~ 0.063 0.094 
OF499. 100 1088.55 eee 0.094 0.125 
OF 689 antl AbOVe deem seer tins Ri ke eae 0.188 


Each coil shall be gaged at three places,.one near each end and 
one approximately at the middle. From reels, approximately 12 ft. 
shall be reeled off; the wire shall be gaged in six places between the 
second and twelfth foot from the end. A coil or reel may be rejected 
if the average of the measurements obtained is not within the limits 
specified in Paragraphs (a) or (8). 


Ve) FINISH 


6. (a) The wire shall be free from all imperfections not consistent 
with the best commercial practice. 
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(b) Necessary brazes shall be made in accordance with the best 
commercial practice. 

(c) The copper shall be thoroughly annealed after the last draw- 
ing or rolling. 

Vi VPACKING 

7. (a) Rectangular wire shall be shipped in coils or on reels as 
agreed upon by the purchaser and the manufacturer (Note 3). 

(b) The wire shall be packed so as to be properly protected 
against injury during shipment. 

(c) Unless otherwise agreed upon, the wire shall be shipped in 
continuous lengths as follows: 


MINIMUM 
THICKNESS, WIDTH, WEIGHT PER LENGTH, 

IN. IN. LBs 
Bsess tan’ 0 1.025% 4:44:14 Peaip oped vane lave « 0.500 or less 5 
Tesse99-0,0 100 1a Acetic ele dine dieser Over 0.500 5 
0.010 to 0.019, inclusive............ Over 0.500 10 
0.025 to 0.034, SU old, ths 0.500 or less 15 
0.020 to 0.094, ci earh Mic kOe oMbid 6 Over 0.500 to 0.750 25 
0.020 to 0.094, PO oe ee Over 0.750 to 1.00 35 
0.020 to 0.094, iyi Bik vercler ease Over 1.00 50 
0.035 to 0.094, SRE N TRE sak a’ a’ 0.500 or less 20 
0.095 to 0.300, “gu ca ciate 0.500 or less 40 
0.301 to 0.500, i ee oa a 0.500 or less 100 
ROC On 094.6 ack Ae «eats « Over 0.500 100 


8. For the purpose of calculating weights, cross-sections, etc., 
the specific gravity of the copper shall be taken as 8.89 at 20° C. 
(68° F.) (Note 4). 
VI. INSPECTION 


9. Test and inspection shall be made at the place of manufac- 
ture. The manufacturer shall afford the inspector representing the 
purchaser all reasonable facilities to satisfy him that the material 
conforms to the requirements of these specifications. 


EXPLANATORY NOTES 


Soft or annealed copper wire is wire which has been drawn and rolled by 
customary operations and annealed, and finished by cleaning when necessary 
to remove scale or oxide. The wire is so soft and ductile that it is easily marred 
and even stretched by careless handling, hence the necessity for confining 
specifications and inspection to wire in packages as it leaves the manufacturer, 
and before being put through processes incident to its use by the purchaser. 

Note 1.—During the year 1913 the following resistivity was agreed upon 
internationally as standard for annealed copper: 


0.15328 ohm per meter-gram at 20° C. 


> 
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This resistivity is known as the International Annealed Copper Standard? 
and is equivalent to: 
875.20 ohms per mile-pound at 20° C. 
0.017241 ohm per meter-millimeter squared at 20° C. 
1.7241 microhms per centimeter cubed at 20° C. 
0.67879 microhms per inch cubed at 20° C. 
10.371 ohms per mil-foot at 20° C. 


For reducing the resistance of annealed copper from one temperature to 
another the following temperature coefficients should be used: 


At 0° C., 0.00427; at 15° C., 0.00401; at 20° C., 0.00393; at 25° C., 0.00385. 


In case it is desired to express the resistivity of copper in terms of con- 
ductivity, the International Annealed Copper Standard at 20° C. should be 
taken as 100-per-cent conductivity, and in reporting conductivity values this 
standard should be mentioned. It has been deemed preferable to express the 
requirements in standard specifications in the terms of quantities directly 
measurable, rather than by reference to some quantity whose standard value 
is the subject of agreement only. The use of the arbitrary term “‘conductivity”’ 
has no more warrant than the employment of arbitrary gage numbers. There- 
fore, in these specifications the requirements are stated as the maximum rejec- 
tion limits to the resistivity. 

For the convenience of those who are accustomed to express resistivity in 
any one of the several more or less common units, the following table of equiva- 
lents has been prepared, giving the resistivity of copper at 20° C. 


887.05 lb. per mile-ohm is equal to: 
0.15535 ohms per meter-gram, 
1.7475 microhms per centimeter-cube, 
0.68799 microhms per inch-cube, 
10.512 ohms per mil-foot. 
891.58 lb. per mile-ohm is equal to: 
0.15614 ohms per meter-gram, 
1.7564 microhms per centimeter-cube, 
0.69150 microhms per inch-cube, 
10.565 ohms per mil-foot. 

Note 2.—The use of arbitrary gage numbers to express dimensions cannot 
be too strongly condemned. There are many such gages in existence, and 
confusion is to be expected unless the particular gage to be used is specified. 
Many of the gages have their dimensions stated in absurd figures, such as 
0.090742 in., when it is not practical to measure dimensions in the fourth decimal 
place by workshop tools. Definite dimensions in measurable units are evidently 
preferable. 

NotE 3.—Attention is called to the necessity for the purchaser and 
manufacturer agreeing on the package weights which will be standard under 
any individual contract. 

Note 4.—The specific gravity of copper was formerly standardized in 
A.S.T.M. specifications at 8.90. The value has been changed to 8.89, since 
that is the value adopted as standard by the American Institute of Electrical 
Engineers and the International Electro-Technical Commission. 


1See U. S. Bureau of Standards Circular No. 31 for further details. 


TENTATIVE SPECIFICATIONS 
FOR 
HOT-ROLLED COPPER RODS FOR WIRE DRAWING! 


Serial Designation: B 49-23 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to revision. 


ISSUED, 1923 


I. MANUFACTURE 


1. These specifications cover black hot-rolled copper rods for 
wire-drawing purposes. 

2. The copper shall conform in quality and purity to the require- 
ments of either the Standard Specifications for Lake Copper Wire 
Bars, Cakes, Slabs, Billets, Ingots, and Ingot Bars (Serial Designa- 
tion: B 4) or of the Standard Specifications for Electrolytic Copper 
Wire Bars, Cakes, Slabs, Billets, Ingots, and Ingot Bars (Serial 
Designation: B 5) of the American Society for Testing Materials.? 

3. (a) The rod shall be hot rolled from standard wire bars. 

(b) The rods shall be furnished in one continuous length without 
joints. 


II. PHYSICAL PROPERTIES AND TESTS 


4. (a) The rods shall conform to the following requirements as 
to tensile properties: 

The elongation in 10 in. shall not be less than 25 per cent. The 
elongation shall be measured between bench marks placed upon the 
wire originally 10 in. apart and the fracture shall be between the 
bench marks and not closer than 1 in. to either bench mark. If upon 
testing a sample from any coil or reel the results do not conform to the 
specified requirements, two additional samples shall be tested and 
the average of the three tests shall determine acceptance or rejection 
of the coil or reel. 


1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. J. A. Capp, 
Chairman of Committee B-1 on Copper Wire, General Electric Co., Schenectady, N. he 
21924 Book of A.S.T.M. Standards. 
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(b) Two tests shall be made from each carload of 50,000 lb. or 
less. 

5. Electric resistivity shall be determined upon fair samples by 
resistance measurements at a temperature of 20° C. (68° F.) and shall 
not exceed 891.58 lb. per mile-ohm. 


III. DIMENSIONS AND PERMISSIBLE VARIATIONS 


6. (a) The size shall be expressed as the diameter of the rod in 
decimal fractions of an inch. 

(b) The rods shall be hot rolled to nominal size within the follow- 
ing permissible variations: 


PERMISSIBLE PERMISSIBLE 

DIAMETER, VARIATIONS, DIAMETER, VARIATIONS, 
IN. IN. IN. IN. 

OF25 00 aera +0.020 B75 BS wed eer +0.020 
AUC diced ream a RA Pia! ef +=0.010 1200. 0.252. ele eee +(0.020 
Oi BRE Rs Wau eee +=0.010 £925 ROR. Be ee ae +(0.020 
Os SOD weeny sae tps fee +0.015 1.250. sis 258 eee +(0.020 
OTOZOVOE Ree ieee a iycete +0.015 LST SO eee +=0.030 
OO SOM Kithira +=0.015 


Sizes between those listed shall take the variation for the next 
larger size in the table. 

7. For the purpose of calculating weights, cross-sections, etc., 
the specific gravity of the copper shall be taken as 8.89 at 20° C. 
(68° F.). 


IV. FINISH 


8. The rod shall be free from all imperfections not consistent 
with the best commercial practice. 


Von tPaAChiInG 


9. Unless otherwise agreed upon, the rods shall be shipped in 
coils approximately 24 in. in inside diameter and each coil shall be 
bound tightly together with copper wire at two points approximately 
opposite to each other. 


VI. INSPECTION 


10. The tests and inspection shall be made at the place of manu- 
facture. ‘The manufacturer shall afford the inspector representing 
the purchaser all reasonable facilities to assure him that the material 
conforms to all the requirements of the specifications. 


a 


TENTATIVE SPECIFICATIONS 
FOR 
MANGANESE-BRONZE INGOTS FOR SAND CASTINGS! 


Serial Designation: B 7-24 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
-and suggestions. It is not a Standard of the Society and is subject to annual revision. 


ISSUED, 1924 


1. These specifications cover the copper-zinc alloy known com- 
mercially as manganese bronze. 
I. MANUFACTURE 


2. The bronze shall be cast in the form of ingots having notched 
flat bottoms, approximately 3 by 23 in. wide by 12 in. long, properly 
tapered to strip easily from an iron mold. 


II, CHEMICAL PROPERTIES? 


3. The bronze shall conform to the following requirements as 
to chemical composition: 
MaxIMUM MINIMUM 
reemy CCL CON te li. rer ey ay vice G Ls aede 60 55 
Peer CONES; ee eh eh a ea? 38 
UN Drs cae oR OLA ry ee DO a5 


1 
fremoonese, Her, CONT. Va melee. suid Ole bis ey a 3 
fa hiranaayt, per conti. eee A. Key eR. Kodlen MEU 135 
PPT CONE SUR Red Mk ail RS 2 lie Sad ied 2 
MVE TR HES COT Gg ho UR eae Gees 8 i eg chin ® on sae 0 


Oso OO: © 
SOtOneO OS 


4 


III. PHYSICAL PROPERTIES AND TESTS 


4. The bronze shall conform to the following minimum require- 
ments as to tensile properties: ! 
eM SMONSLCONOLH |. says eee Vee Wine aa Wines 5 70,000 lb. per sq. in. 
Ley Oh ks 0 PA a DERG | 2G US Rae RO 30 per cent 


1 Criticisms of these, Tentative Specifications are solicited and should be directed to Mr. P. D. 
Merica, Secretary of Committee B-2 on Non-Ferrous Metals and Alloys, International Nickel Co., 
67 Wall St., New York City. 

These Tentative Specifications are in effect a revision of the Standard Specifications for Manganese- 
Bronze Ingots for Sand Castings. The Standard Specifications, which were last published under the 
Serial Designation: B 7 — 14, have accordingly been withdrawn. 

2 Because of claims made of the improved qualities of magnanese bronze made from virgin metal 
(copper conforming to the Standard Specifications for Electrolytic Copper Wire Bars, Cakes, Slabs, 
Billets, Ingots, and Ingot Bars (Serial Designation: B 5) and zinc conforming to the requirements 
of Grade 2 or better of the Standard Specifications for Spelter (Serial Designation: B 6) of the 
American Society for Testing Materials, 1924 Book of A.S.T.M. Standards) the buyer may, at his 
option, elect when contracting,that these materials only be used. 
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5. (a) The tension test specimen shall be cut from one corner 
near the bottom of the test ingot. 

(b) The specimen shall conform to the dimensions shown in 
Fig. 1. 

6. (a) One test ingot shall be selected by the inspector to repre- 
sent 10,000 lb. of ingots or fraction thereof. 

(b) If any test specimen shows defective machining or develops 
flaws, it may be discarded, in which case two additional test specimens 
may be selected by the inspector from the same lot, and tested to 
represent the lot. 


IV. MARKING 


7. Each ingot shall be stamped with its proper heat or charge 
number. 


Radius not less it Peer ben : iowa Note :- The Gage Length, 
thang o54 Parallel Saas | Parallel Section, and 
\ Fillets shall be as 
Shown, but the Ends 
may be of any Shape 
to fit the Holders of 
2 the lesting Machine 
Gage Length in such aWay that the 
for Elongation Load shall be anal. 
atter Fracture 
Fic. 1 


V. INSPECTION AND REJECTION 


8. (a) Inspection may be made at the manufacturer’s works 
where the castings are made or at the point at which they are received, 
at the option of the purchaser. 

(b) If the purchaser elects to have inspection made at the manu- 
facturer’s works, the inspector representing the purchaser shall have 
free entry, at all times while work on the contract of the purchaser 


- is being performed, to all parts of the manufacturer’s works which 


Rejection. 


concern the manufacture of the material ordered. The manufac- 
turer shall afford the inspector, without charge, all reasonable facilities 
to satisfy him that the material is being furnished in accordance 
with these specifications. All tests and inspection shall be so con- 
ducted as not to interfere unnecessarily with the operation of the 
works. 

9. (a) If the test ingots selected to represent a lot fail to conform 
to the requirements specified in Sections 3 or 4, all ingots in such lot 
will be rejected, irrespective of the heat or heats from which the test 
ingots are selected. 


TENTATIVE SPECIFICATIONS 
FOR 
MANGANESE-BRONZE SAND CASTINGS! 


Serial Designation: B 54-24 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. Itis not a Standard of the Society and is subject to annual revision. 


IssuED, 1924 


1. These specifications cover castings made from the copper-zinc 
alloy known commercially as manganese bronze. 


I. MANUFACTURE 

2. Material used in these castings shall conform to the require- 
ments of the Tentative Specifications for Manganese-Bronze Ingots 
for Sand Castings (Serial Designation: B 7-24 T) of the American 
Society for Testing Materials.2 At least 35 per cent of the mixture 
shall consist of ingots manufactured in accordance with the Tenta- 
tive Specifications for Manganese-Bronze Ingots and the remainder 
shall consist of risers, sprues, and defective castings, accruing from 
the manufacture of castings in accordance with these specifications. 
Zinc additions shall be of zinc conforming to the requirements of 
Grade 2 or better of the Standard Specifications for Spelter (Serial 
Designation: B 6) of the American Society for Testing Materials.’ 


Il. CHEMICAL PROPERTIES 
3. The bronze shall conform to the following requirements as 


to chemical composition: . 
MaAxIMUM MINIMUM 
Re ee CGN be. i COM sel rN led ia, 60 55 
er ALG y a\c gius ea) ee ae See a ney Pa ehh a ei boela she als 42 38 
ES 0 Sag Se ap Mi i cg tl i hla bist 0.0 
Bianeancee, per wert) 70. WR OT PLO POSS 0.0 
Piunnnamnapericen ty icitg ae ke i LS 18 0.0 
BAR OTAGO thie oo ics 15 6 <5 4 brs dco ats te alts De cigs bv 2h 0.0 
BOR AICU CONG Sa 8%, och u!'y nt dee etd Meggett dla Ber oslo iesfai's, oe 0.4 0.0 


1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. P. D. 
Merica, Secretary of Committee B-2 on Non-Ferrous Metals and Alloys, International Nickel Co., 
67 Wall St., New York City. 

2See p. 143. 

31924 Book of A.S.T.M. Standards. 
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III. PHYSICAL PROPERTIES AND TESTS 


’ 4. The bronze should conform to the following minimum require- 
ments as to tensile properties: 


‘Reneile strength. foe wereoutnbuscl ie | ek. oe enue 65,000 lb. per sq. in. 
Hiongation in Zant. eva hai. . Sees 25 per cent 


5. (a) The tension test specimen shall be machined from coupons 
to the dimensions as shown in Fig. 1. 

(b) The coupon attached to the castings shall be in accordance 
with Fig. 2, unless special authority to use coupons of other forms 
and dimensions is obtained from the purchaser. 

(c) Each casting weighing 250 lb. or more as delivered from the 
foundry shall have at least two test coupons cast attached. 

(d) When the castings constituting a heat weigh less than 250 
Ib. each, one coupon shall be cast attached to the first and one to 
the last casting poured in each heat. 


Note :-The Gage Length, 
Parallel Section, and 
Fillets shall be as 


Shown, but the Ends 
may be ofany Shape 
to tit the Holders of 
2 the lesting Machine 
Gage Length in such aWay that the 
for Elongation Load shall be axial 


atter Fracture 


Fic. 1.—Test Specimen. 


(e) Castings which are too small to permit the casting of a 
coupon attached shall, when possible, be represented by coupons cast 
in the same flask and gated to the castings or runners. One coupon 
shall be cast gated to the first and one to the last casting poured in 
the heat. 

. (f) Only in cases when it is impossible to cast coupons in the 
same flask with small castings shall such coupons be cast separately. 
In case it is necessary to cast coupons separately, one coupon shall 
be cast to the first of the heats and one to the last. 

(g) At least two ounces of drillings from each coupon tested 
shall be forwarded for chemical analysis. 


IV. MARKING 


6. Each casting shall be clearly stamped with the heat number, 
and the heat number shall also be stamped on the test coupon repre- 
senting that heat. 
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V. INSPECTION AND REJECTION 

7. (a) Inspection may be made at the manufacturer’s works 
where the castings are made or at the point at which they are received 
at the option of the purchaser. 

(b) If the purchaser elects to have inspection made at the manu- 
facturer’s works, the inspector representing the purchaser shall have 
free entry, at all times while work on the contract of the purchaser 
is being performed, to all parts of the manufacturer’s works which 
concern the manufacture of the material ordered. The manufac- 
turer shall afford the inspector, without charge, all reasonable facilities 
to satisfy him that the material is being furnished in accordance with 


bees serenndccrnnneena si pathos 8 see eee 


For Large Castings 
Fic. 2 


these specifications. All tests and inspection shall be so conducted 
as not to interfere unnecessarily with the operation of the works. 


Inspection. 


8. (a) Any casting may be rejected upon the failure of the test Rejection. 


coupon to meet the physical requirements specified or for the non- 
compliance with the chemical composition. If the physical or chem- 
ical tests indicate that the heat of castings represented by its test 
coupon does not conform to the physical or chemical requirements, 
or both, the entire heat shall be rejected. 

(0) In case tests on the first test piece do not conform to these 
specifications, a second test piece shall be tested. If such a test on 
the second piece is thoroughly satisfactory the castings or heat shall 
be accepted; if unsatisfactory, the castings or heat shall be rejected. 


Material 
Covered. 


Process. 


Chemical 
Composition. 


Chemical 
Analysis. 


Sampling. 


Tension 
Tests. 


TENTATIVE SPECIFICATIONS 
FOR 
MUNTZ METAL CONDENSER TUBE PLATES! 
Serial Designation: B 57-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to annual revision. 


IssuED, 1925 


1. These specifications cover rolled Muntz metal plates for 
surface condenser tube sheets. 


I. MANUFACTURE 


2. The plates shall be made by hot rolling from castings of suitable 
dimensions. 


II. CHEMICAL PROPERTIES AND TESTS 


3. The plates shall conform to the following requirements as to 
chemical composition: 3 


Copper. e25 bec eo ss cn 258, 00 6 RO eee 
Lead) .):.n4 eee wees) 0. 35. ye 

Trot ne oh 0 Uc an Come a eR at, Ce de not over 0.15 ‘f 

LAN Sys see a Ae eee ea a not over 0.25 “ 

Other: Impurities. 8) ceige ow eee heats not over 0.10 s 

LADO 4 it Seka oe ee RO EROS 8 os Remainder 
4. Analysis may be made on each lot of 5000 Ib. or less. , 


5. The sample shall be taken by drilling or milling representative 
plates in such a way that a sample of the entire thickness shall be 
obtained. Equal quantities from each plate shall be thoroughly 
mixed. Samples so prepared shall be divided into three equal parts, 
one for the seller, one for the purchaser, and one for an umpire, if 
necessary. 


III. PHYSICAL PROPERTIES AND TESTS 


6. The material shall conform to the following minimum require- 
ments: 


ELONGATION IN 
2 IN., PER CENT 


35.0 


TENSILE STRENGTH, 
LB. PER SQ. IN 


50 000 


YIELD PoINT, 
LB. PER SQ. IN 


20 000 
1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. P. D. 


Merica, Secretary of Committee B-2 on Non-Ferrous Metals and Alloys, International Nickel Co., 
67 Wall St., New York City. ” 
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7. The bend test specimen shall stand being bent cold through Bend Test. 
120 deg. around a pin, the diameter of which is equal to twice the 
thickness of the specimen, without cracking on the outside of the bent 
portion. 

8. Tension test specimens may be 1 in. in width and of the full Tension Test 
thickness of the plate as rolled, or may be machined to conform to 5Peimens- 
the dimensions shown in Fig. 1, in which case the ends shall be of a 
form to fit the holders of the testing machine in such a way that the 
load shall be axial. 

9. Bend test specimens shall be 0.5 by 1 in. in section with corners Bend Test 
rounded to a radius not over #; in. In the case of thin plates, the SP¢™ens- 
specimen may have the same thickness as the plate, with corners 
rounded to a radius equal to one-fourth of.the thickness of the plate. 


Note :- The Gage length, 
Paralle/ Section, and 
Fillets shall be as 
Shown, but the Ends 
may be ofany Shape 
to fit the Holders of 


Fe the lesting Machine 
Gage Length in such aWay that the 
for Elongation Load shall be axial. 
atter Fracture 
Fic. 1 


IV. PERMISSIBLE VARIATIONS IN DIMENSIONS 


10. The thickness shall not vary from that specified by more Permissible 
than plus 3 per cent or minus 2 per cent. ering? 
V. WORKMANSHIP AND FINISH 
11. The plates shall be free from injurious defects and shall have Finish, 
a smooth clean surface. The fracture shall be uniform in color and 
grain throughout. | 


VI. INSPECTION AND REJECTION 


12. The manufacturer shall afford the inspector representing the Inspection. 
purchaser, without charge, all reasonable facilities to satisfy him that 
the material is being furnished in accordance with these specifications. 

13. Material which fails to conform to these specifications will Rejection. 
be rejected and the manufacturer shall be notified. 


Material 
Covered. 


TENTATIVE SPECIFICATIONS 
FOR 


NON-FERROUS ALLOYS FOR RAILWAY EQUIPMENT 
IN INGOTS, CASTINGS, AND FINISHED CAR 
AND TENDER BEARINGS.! 


Serial Designation: B 17-21 T. 


This is a Tentative Standard only, published for the purpose of eliciting 
criticism and suggestions. It is not a Standard of the Society and until its 
adoption as Standard it is subject to revision. 


IssuED, 1917; REVISED, 1918, 1921. 


1. (a) These specifications cover the various non-ferrous 
alloys for locomotive equipment in ingots, castings and finished 
car and tender bearings. 

(0) These alloys and the purposes for which they are 
used are as follows: 

Phosphor Bronze, for connecting-rod bearings, bushings, 
eccentric straps, crosshead gibs, and miscellaneous bushings, 
in place of Bearing Metal No. 1, when specifically covered in 
the contract; 

Bearing Metal No. 1, for connecting-rod bearings, bushings, 
eccentric straps, crosshead gibs and miscellaneous bushings; 

Bearing Metal No. 2, for driving-box bearings, engine-truck 
and trailer bearings, and hub liners; 

Bearing Metal No. 8, for lead-lined bearings, for locomotive 
tenders, freight and passenger-car equipment; 

Bell Metal, for locomotive bells only; 

Babbitt Metal, for babbitting driving boxes, rod brasses, 
crossheads, and for hub liners; : 

Lining Metal, for lining truck brasses, tender brasses and 
car brasses. 


1 Criticisms of these Tentative Specifications are solicited and should be directed, prefer- 
ably before January 1, 1926, to Mr. P. D. Merica, Secretary of Committee B-2 on Non- 
Ferrous Metals and Alloys, International Nickel Co., 67 Wall St., New York City. — 
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I. CHEMICAL PROPERTIES AND TESTS. 


2. (a) The alloys shall conform to the following require- 
ments as to chemical composition, with the permissible variations 
specified: 


Aa 
. Phos- |} Sul- | Ar- | Impuri- 
Zinc, | Iron y 5 rials 
. : ge Anti- | phorus,| fur | senic, | ties, in- 
Alloy. Ponnet, Tin, t Lead, t cede i pepaeane mony, | max., | max., | max., | cluding 
p Spee ven eel Pet veury ee ee! per cent.| per per per Zinc, 
¥ ; cent. | cent. | cent. | max., 
per cent, 
Phosphor 
Bronze...... remainder 9-11 8-11 0.75 | 0.25 0.25a |0.7-1.0 1.0 
Bearing Metal 
Nod Lo sesaes remainder 9-11 9-11 150 | 0425 |9 09254 2.0 
Bearing Metal 
La remainder} 4-6 22.5-26.5] 0.75 | 0.40 | 0.502 1.5 
Bearing Metal 
Nol Sa sis3 ee remainder 4-6 17-22 2.50 | 0.40 0.50a 3.0 
Bell Metal..... remainder| 16-18 0.254 | 0.25] 0.25 | 0.254 | 0.02a | 0.05 0.60 
Babbitt Metal.| 0.50a /|9.25-10.75|remainder| none 14-16 0.20} 0.75b 
Lining Metal...| 0.50a |4.50-5.50}remainder| none 9.25-10.75 0.20 | 0.75 
a Maximum, 


6 Must not contain zinc. 


(b) Where no figures are given for impurity maximum, these 
elements may be present up to any amount to come within the 
total impurity specified, provided the material otherwise meets 
the chemical and physical tests. Where maximum percentages 
are specified, the elements referred to are considered as impurities 
and shall not be intentionally added. 

3. An analysis will be made by the purchaser or his repre- 
sentative from one ingot, casting or journal bearing representing 
each lot. The chemical composition thus determined shall 
conform to the requirements specified in Section 2 for the 
particular alloy. 

4. (a) Ingots.—Drillings shall be taken with a drill at least 
4 in. in diameter at a point midway between the heaviest and 
smallest cross-section of the ingot. For ingots having two or more 
sections, drillings shall be taken from each section. In the case 
of Babbitt Metal and Lining Metal, drillings so taken shall be 
melted in a thoroughly cleaned ladle with a little rosin flux 
and poured into a piece of thin section. This piece shall be 
sawed into three parts and the sawings therefrom thoroughly 
mixed to constitute the sample for chemical analysis. 


Chemical 
Composition. 


Chemical 
Analysis. 


Sample for 
Chemical 
Analysis. 


Physical 


Inspection. 
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(b) Locomotive Castings —Drillings shall be taken with a 
drill as large as possible at such points in the casting as shall 
be thoroughly representative. Drillings through the skin shall 
be rejected. Drillings thoroughly mixed shall constitute the 
sample for chemical analysis. 

(c) Car and Tender Bearings.—Drillings shall be taken 
with a drill at least $ in. in diameter, at three points as widely 
separated as Wicctnts on the bearing selected for physical test as 
specified in Section 5 (6). Drillings representing the skin of the 
casting shall be rejected. These drillings, thoroughly mixed, 
shall constitute the sample for chemical analysis. 

Drillings shall be taken in a like manner from the lining, 
exercising care that the drill does not penetrate the soldered 
surface. 

(d) All samples, whether taken with a drill or saw, shall be 
kept free of oil and shall be carefully treated with a magnet to 
remove any iron introduced in taking the sample. 


II. PHYSICAL INSPECTION AND TESTS. 


5. (a) Locomotive Castings—The castings shall be sound, 
free from blowholes, flaws or shrinkage cracks, and shall show 
good foundry practice and workmanship. 

One casting representing each lot of locomotive bearings 
will be broken by the purchaser or his representative for exami- 
nation of fracture. ‘The fracture shall disclose no shrink dis- 
coloration, segregation, dross or dirt spots within 2 in. of the 
bored journal engaging surface, and shall show no distinct es 
of imperfect mixture. 

(b) Car and Tender Bearings.—The bearings shall be 
sound, free from sand, blowholes, flaws or shrinkage cracks, 
and shall show good foundry practice and workmanship. 

One bearing representing each lot will be broken by the 
purchaser, or his representative for examination of fracture. 
The fracture shall show no shrink discoloration, segregation, 
dross or dirt spots within } in. of the bored journal engaging 
surface, ‘This test shall be made before linings are applied. A 
second test shall be made after application of the lining as 
follows: 

(1) The suspended brass when tapped with a hammer shall 
give a distinct ring. 

(2) The lining when chipped with a cold chisel shall tear 
from the soldered surface as distinguished from clean shearing. 
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TIA LOT. 


6. (a) Ingots —Each 5000 Ib. or fraction thereof shall consti- 
tute a lot. The ingot from which the sample is taken shall be 
included in the shipment. 

(b) Locomotive Castings——Unless otherwise specified, each 
100 castings or fraction thereof shall constitute a lot. 

The manufacturer shall furnish, free of cost, one casting 
representing each lot for purpose of tests as. specified in 
Sections 4 (6) and 5 (a). 

(c) Car and Tender Bearings——Unless otherwise specified, 
each 300 bearings or fraction thereof from each pattern shall 
constitute a lot. 

The manufacturer shall furnish, free of cost, one bearing 
representing each lot for purpose of tests as specified in 
Sections 4 (c) and 5 (6). 


IV. PERMISSIBLE VARIATIONS IN DIMENSIONS. 
(For CAR AND TENDER BEARINGS ONLY.) 


7. (a) The purchaser will furnish drawings showing the 
dimensions of the bearings ordered and permissible variations 
therefrom, and the bearings shall conform to these drawings 
within such permissible variations. 

(6) The thickness at the center of the brass and of the com- 
plete bearing shall not vary more than 3; In. over or under 
the normal thickness shown on the drawing. The thickness 
of the lining shall not vary more than 35 in. over or under the 
normal thickness shown on the drawing. 


V. WORKMANSHIP. 


8. (a) Locomotive Castings —The castings shall conform to 
the dimensions specified and shall show good workmanship 
generally. 

(6) Car and Tender Bearings.—The bearings shall show good 
workmanship generally, and shall be free from mechanical 
imperfections. ‘They shall be bored to a true radius, and with 
the axis parallel to the plane of the top and perpendicular to the 
side lugs and bearing flange. The lettering shall be clear and 
distinct. No emery shall be used on journal engaging surfaces 
on either the brass or the lining. 


Lot. 


Permissible 
Variations. 


Workmanship. 


Marking. 


Inspection. 


Rejection. 
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VI. MARKING. 


9. (a) Ingot—The manufacturer’s marking only shall be 
required, unless otherwise specified. 

(b) Locomotive Castings—The lot number and other marks 
as required by the drawings shall be legibly marked on each 
casting. 

(c) Car and Tender Bearings ——The name or initials of the 
manufacturer, the initials of the purchaser, type number, journal 
size, and lot number shall be legibly cast with raised figures on 
a depressed surface of each bearing, as shown on the drawings. 


VII. INSPECTION AND REJECTION. 


10. (a) Inspection may be made at the manufacturer’s 
works where the ingots, locomotive castings or car and tender 
bearings are made, or at the point at which they are received, 
at the option of the purchaser. 

_ (6) If the purchaser elects to have inspection made at the 
manufacturer’s works, the inspector representing the purchaser 
shall have free entry at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the material ordered. 
The manufacturer shall afford the inspector, free of cost, all 
reasonable facilities to satisfy him that the material is being 
furnished in accordance with these specifications. All tests and 
inspection shall be so conducted as not to interfere Une cere 
with the operation of the works. 

11. Failure to meet the chemical or physical specifications, 
or non-conformity to any of the above requirements as to 
permissible variations, dimensions and markings, constitute 
sufficient cause for rejection of the lot represented by the 
sample chosen. 


TENTATIVE SPECIFICATIONS 


FOR 


WHITE METAL BEARING ALLOYS. 
(KNOWN COMMERCIALLY AS “BABBITT METAL.”)! 


Serial Designation: B 23 —18 T. 


This is a Tentative Standard only, published for the purpose of eliciting 
criticism and suggestions. It is not a Standard of the Society and until its 
adoption as Standard it is subject to revision. 


IssuED, 1918. 


1. These specifications cover white metal bearing alloys, 
known commercially as ‘“‘babbitt metal.” Twelve typical 
babbitt metals are specified, covering the range of alloys com- 
mercially used and are designated as Grades Nos. 1 to 12, in 
accordance with their decreasing tin content as specified in 
Section 4. 


I. MANUFACTURE. 


2. The manufacturer shall use care to have each lot of 
babbitt metal as uniform in quality as possible. 

3. The standard bar, unless otherwise specified, shall have 
the following approximate dimensions: 


SLOP ACE o's thy d's'a nie of chp Mer deter Bhass"? 5 11 in. wide, 83 in. long. 
PP TRICRTICBS 7's c.a.ste a ao aoe ei eeN Meat als ks gags not over 1} in. 


II. CHEMICAL PROPERTIES AND TESTS. 


4. The alloys shall conform to the following requirements 
as to chemical composition, within the limits specified in 
Section 5: 


1 Criticisms of these Tentative Specifications are solicited and should be directed, prefer- 
ably before January 1, 1926, to Mr. P. D. Merica, Secretary of Committee B-2 on Non- 
Ferrous Metals and Alloys, International Nickel Co., 67 Wall St., New York City. 


(155) 


Material 
Covered. 


Uniform Quality. 


Dimensions. 


Chemical 
Composition. 


Permissible 
Variations. 


Samples for 
Chemical 
Analysis. 


Methods of 
Chemical 
Analyses. 


® 
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Alloy, Tin, Antimony, | Lead, Copper, Iron, | Arsenic, Zinc, | Aluminum, 
Grade per per per per eae ‘papa per per 
0. cent cent. cent. cent. ae kati cent. cent. 
Lac Kae 91 43 0.354 4} 0.08 0.10 none none 
Beles 89 74 0.354 34 0.08 0.10 none none 
Der eke 83 4 8 4 354 8 4 0.08 0.10 none none 
Cee ere 75 12 10 3 0.08 0.15 none none 
Uae eee: 65 15 18 2 0.08 0.15 none none 
62s 20 15 635 14 0.08 0.15 none none 
Tees 10 15 75 0.504 0.20 none none 
MA SISe Ts 5 15 80 0.504 0.20 none none 
senses Sea 5 10 85 0.504 0.20 none none 
102 Ree: 2 15 83 0.504 0.20 none none 
dd oes si 15 85 0.504 0.25 none none 
12 oa iica tice 10 90 0.504 0.25 none none 
@ Maximum. 


5. The following permissible variations in the percentages 
of the desired elements specified in Section 4 will be allowed, 
but shall not apply to the maximum percentages of impurities 
specified: 

PERMISSIBLE VARIATIONS 


OVER OR UNDER THE 


PERCENTAGE OF ELEMENT SPECIFIED VALUE, 


SPECIFIED. Units OF PER CENT. 
Not-overi2'percentia: int. eres: it EES ee 0.25 
Over 2 to’S per cent; ancl iossuk Penh ose bee ee 0.50 
Over.5 to 10 percent, incl 31.0%... js <2 |e. s 5 ole 0.75 
Over. 10 ‘per, cent... .c¢h0l ie Wee rates . onus Ste a 1.00 


6. (a) Three bars shall be selected to represent a shipment 
of less than 1000 lb., five bars to represent a shipment of over 
1000 Ib. to 10,000 lb., inclusive, and ten bars to represent a 
shipment of over 10,000 Ib. to one carload. 

(b) Saw cuts shall be made at points in the bars indicated 
in Fig. 1. No lubricants shall be used for sawing. The sawings 
shall be carefully treated with a magnet to remove any particles 
of steel introduced in taking the sample. 

(c) Sawings thoroughly mixed shall constitute the sample 
for chemical analysis. 

7. The chemical analysis shall be made in accordance with 
the Standard Methods of Chemical Analysis of Alloys of Lead, 
Tiu, Antimony and Copper (Serial Designation: B 18) of the 
American Society for Testing Materials.} 

11924 Book of A.S.T.M. Standards. 


ane 
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III. MARKING. 


8. The name of the manufacturer shall be cast on each bar. Marking. 
The numerical designation of the grade supplied shall be stamped 
or cast on each bar for identification. 


NotE.—A preferred arrangement of marking is shown in Fig. 2. 


IV. CLAIMS. 


9. Claims, to be considered, shall be made in writing within ctaims. 
thirty days of receipt of material at the purchaser’s plant, and 


Fic. 1.—Method of Sampling. 


1 A.S.T.M. SPEGIFIGATION GRADE N 
MANUFACTURER'S NAME : 


Fic. 2.—Preferred Arrangement of Marking. 


the results of the purchaser’s tests shall be given. The shipper 
shall within one week of receipt of such claim, either agree to 
satisfy the claim or send a representative to the purchaser’s 
plant to resample the shipment, as specified in Section 6. 
Samples so taken shall be sealed and submitted to a mutually 
agreeable umpire, whose determination shall be final. 


Settlement of 
Claims. 
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10. The expense of umpire analysis shall be paid by the 
loser, or divided in proportion to the concession made in case 
of a compromise. In case of rejection being established, the 
damages shall be limited to the payment of freight both ways by 
the manufacturer for the substitution of an equivalent weight 
of babbitt metal meeting these specifications. 


APPENDIX. 


The data in the following table do not constitute a part of these 
specifications. They are given merely to indicate to the purchaser the 
physical properties of the various alloys specified which can be expected 
of carefully manufactured alloys of the formulas indicated, and to con- 
stitute a guide to the purchaser in selecting the grade best suited for 
meeting the service condition for which the babbitt metal is to be used. 
The alloys were prepared at the U. S. Bureau of Standards from pure 
Banka tin, high grade “Star” antimony and a commercially pure lead 
(99.94 per cent Pb), and the values given are the results of tests made 
in the Bureau laboratories. These figures are subject to revision. 
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TENTATIVE SPECIFICATIONS 
FOR 
ALUMINUM INGOTS FOR REMELTING! 


Serial Designation: B 24-25 T 


This is a Tentative Standard only, published for the purpose of eliciting 
criticism and suggestions. It is not a Standard of the Society and until its 
adoption as Standard it is subject to revision. 


ISSUED, 1918; REVISED, 1919, 1920, 1922, 1925. 


Material ~ 1, These specifications cover three grades of Virgin Alumi- 
Covered. num, as follows: 

GRADE. ALUMINUM, PER CENT. 

O97 5 hoe Gale.» ste ches oe oe oe eG FR ae Ge die 0 ane 99.5 (Minimum) 

G9, OSE Bohs Ps cue Ce eerie eee Phils utes 99.0 (Minimum) 

9870 Big ick oot ot eb Osiiie ates Bie te Uo le 8 3 oes 98.0 (Minimum) 
Impurities. 2. The presence in any of the above grades of manganese, 


magnesium, zinc, calcium or similar metals commonly used in the 
light alloys, is not admissible and such ingot cannot be classed 
as Virgin Aluminum under these specifications. Copper is an 
allowable impurity up to a maximum of 0.1 per cent in the 99.5 
grade; 0.25 per cent in the 99.0 grade; and 0.45 per cent in 
the 98.0:grade. Iron and silicon are also allowable impurities. 
The sum total of the impurities, however, shall not exceed 0.5 
per cent in the 99.5 grade, 1.0 per cent in the 99.0 grade, nor 2.0 
per cent in the 98.0 grade. 


I. MANUFACTURE. 


Manufacture. 3. No scrap shall be used other than that resulting in the 
manufacturer’s own plant from the production of material 
of composition similar to that specified. 


II. PHYSICAL DEFECTS. 


Physical 4. Aluminum ingots shall have a clean surface and shall 
micaecne be free from dirt, slag and foreign material. 


1 Criticisms of these Tentative Specifications are solicited and should be directed, prefer- 
ably before January 1, 1926, to Mr. P. D. Merica, Secretary of Committee B-2 on Non- 
Ferrous Metals and Alloys, International Nickel Co., 67 Wall St., New York City. 
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Ill. SAMPLING. 


5. If the aluminum is shipped in carload lots, then random 
samples shall be taken, but not less than five ingots for each 
car. If the shipment is in less than carload lots, one ingot shall 
be taken for each 10,000 lb. (4536 kg.) or fractional part thereof. 

When it is deemed necessary, a sample may be taken from 
each heat of 500 Ib. (226.8 kg.) or more of metal. 

6. The ingots selected shall be drilled without lubricant 
completely through, or half way through from top and bottom. 
The drillings shall be fine, thin chips. They should be 
thoroughly mixed and the sample for analysis should not be 
less than 60 g. 


IV. ANALYSES. 

7. The chemical analysis shall be made in accordance with 
the Tentative Methods of Chemical Analysis of Aluminum and 
Light Aluminum Alloys (Serial Designation: B 40-25 T) of the 
American Society for Testing Materials.' 


V. MARKING. 

8. The maker’s brand and the grade of aluminum shall be 
cast on each ingot. When this is not practicable, the grade 
shall be indicated by spotting each large ingot, or one ingot in 
each bundle of small ingots, with a designating color of paint: 
white indicating the 99.5 grade, blue, the 99.0 grade, and red, 
the 98.0 grade. 

VI. CLAIMS. 

9. Claims, to be considered, shall be made in writing within 
thirty days of receipt of material at the purchaser’s plant, and 
the results of the purchaser’s tests shall be given. The shipper 
shall within one week of receipt of such claim, either agree to 
satisfy the claim or send a representative to the purchaser’s plant 
to resample the shipment, as specified in Section 3. Samples so 
taken shall be sealed and submitted to a mutually agreeable 
umpire, whose determination shall be final. 

10. The expense of the umpire analysis shall be paid by the 
loser, or divided in proportion to the concession made in case 
of a compromise. In case of rejection being established, the 
damage shall be limited to the payment of freight both ways 
by the manufacturer for the substitution of an equivalent 
weight of metal meeting these specifications. 


1See p. 171. 
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TENTATIVE SPECIFICATIONS 
FOR 
ALUMINUM SHEET! 


Serial Designation: B 25-19 T. 


This is a Tentative Standard only, published for the purpose of eliciting 
criticism and suggestions. It is not a Standard of the Society and until its 
adoption as Standard it is subject to revision. 


ISSUED, 1918; REVISED, 1919. 


I. MANUFACTURE. 


1. No scrap shall be used in the manufacture of aluminum 
sheet except such as shall accumulate at the manufacturer’s 
own plant from material of the same composition and of his 
own manufacture. | 


II. CHEMICAL PROPERTIES AND TESTS. 


2. The sheet may be rolled from aluminum ingots of 
99.0 grade, described in the Tentative Specifications for Alumi- 
num Ingots for Remelting (Serial Designation: B 24-25 T) of 
the American Society for Testing Materials. 

3. Samples for analysis shall be obtained from a random 
sheet, representing each 500 lb. (226.8 kg.) of aluminum or any 
lot weighing less than 500 lb. (226.8 kg.), as agreed upon between 
the seller and the purchaser. Samples so prepared shall be 
divided into three equal parts, each of which shall be placed 
in a sealed package, one for each party and one for an umpire 
if necessary. The sample for analysis may be prepared by 
shearing. 


1 Criticisms of these Tentative Specifications are solicited and should be directed, prefer- 
ably before January 1, 1926, to Mr. P. D. Merica, Secretary of Committee B-2 on Non- 
Ferrous Metals and Alloys, International Nickel Co., 67 Wall St., New York City. 

2See p. 160. 
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III. PHYSICAL PROPERTIES AND TESTS. 


4. (a) Sheets may be furnished in either of three tempers Tension Tests. 
or degrees of hardness and shall conform to the following require- 
ments as to tensile properties: 


Txmprze No. 1; Sorr, ANNEALED. 


Thick Minimum . Minimum | 

B. & 8. Gage. 1CKN1CSB, Tensile Strength, | Elongation in 2 in., 
Im. Ib. per sq. in. per cent. 

PASLOWLO; INGLE ae orcs es scale ms eae cate meneere 0.0808 - 0.0509 12 500 30 

Mh dita Savin Set ate thas eis s, «sree oe bee ainie Re cereren 0.0508 — 0.0227 12 500 , 20 

Do Memte Ont ies cate ale wie oca'g.s Sane atpelmile sbreen 0.0226 -~- 0.0159 12 500 10 


Temper No, 2; Haur-Harp. 


PS AOCLO GGL Ae tila not ok ace sd sis seein e cuerbnmidelere 0.0808 - 0.0509 18 000 7 
Ree am read ssc ese snes ss eeu stincoinocace 0.0508 - 0.0227 18 000 5 
Pode AG Mele voila ad op ns cbws ss nkene eee ee rans 0.0226 - 0.0159 18 000 5 


Tompnr No. 3; Harp. 


TAG C IMCL sro), seiele,s vhs ulciajslesikewep inde tae 0.0808 - 0.0509 22 000 4 
BHU ar hs. fo Faas aim ciele blo dues sloletlt gh sltieta gs eialt 0.0508 - 0.0227 25 000 2 
PP aU mera ads ia) one's s cues wee pees 0.0226 - 0.0159 30 000 2 


(0) The tension test specimen shall be taken parallel to the 
direction of cold rolling of the sheet. 

5. Sheets of temper No. 1 shall withstand being bent double Bend Tests. 
in any direction and hammered flat, and sheets of temper No. 2, 
being bent around a pin of radius equal to the thickness of the 
sheet, without cracking. 

6. (a) One tension and one bend test specimen shall be cut Number of 
from a random sheet representing each 500 lb. (226.8 kg.) of T&S! 
aluminum or any lot weighing less than 500 Ib. (226.8 kg.), as 
agreed upon between the seller and the purchaser. 

(b) Test specimens may be used for purposes of analysis 
specified in Section 3. 


IV. PERMISSIBLE VARIATIONS IN DIMENSIONS. 


7. The thickness of sheets shall not vary from that specified Dimensional 
by more than the following amounts: Variations. 


Thickness, Permissible Variation, 
B. & 8. Gage. in. i 


MOOT; incl e. cane Vine 0.1019 - 0.0404 0.003 
De eas yaa s o0/c'xa's mone 0.0403 - 0.0159 j 0.002 


Workmanship. 
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Rejection. 
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V. WORKMANSHIP AND FINISH. 


8. All sheets shall be commercially flat and free from 
buckles; they shall be free from injurious surface defects and 
shall have a workmanlike finish. 


VI. INSPECTION AND REJECTION. 


9. The manufacturer shall afford the inspector representing 
the purchaser, free of cost, all reasonable facilities to satisfy 
him that the material is being furnished in accordance with 
these specifications. : 

10. Material which fails to conform to these specifications 
will be rejected and the manufacturer shall be notified. 


EXPLANATORY NOTES. | 


Section 4.—Aluminum sheet cut in other directions than 
parallel to the direction of cold rolling will show a ductility 
less than that in this direction; the elongation at right angles 
to the direction of cold rolling may be only two-thirds of the 
former. 

It is strongly recommended that a self-centering tension 
test specimen holder be used for testing particularly thin gages 
of hard aluminum sheet, in view of the lack of uniformity which 
may occur in test series made in the usual wedge grips. 


TENTATIVE SPECIFICATIONS 
FOR 


ALUMINUM FOR USE IN THE MANUFACTURE 
OF IRON AND STEEL! 


Serial Designation: B 37-20 T. 


This is a Tentative Standard only, published for the purpose of eliciting 
criticism and suggestions. It is not a Standard of the Society and until its 
adoption as Standard it is subject to revision. 


ISSUED, 1920. 


1. These specifications cover two grades of Virgin and four 
grades of Secondary Aluminum, as follows: 


(a) Virgin Aluminum. 


(1) 98.0 Grade, containing not less than 98 per cent alumi- 
num. ‘This grade is identical with the 98.0 Grade specified in 
the Tentative Specifications for Aluminum Ingots for Remelting 
(Serial Designation: B 24-25 T) of the American Society for 
Testing Materials.? 

(2) 94.0 Grade, containing not less than 94 per cent alumi- 
num. ‘The remainder may be chiefly iron and silicon. 


(b) Secondary Aluminum. 


(1) 98.0 Grade, containing not less than 98 per cent alumi- 
num. ‘This grade is generally made from sheet clippings. The 
remainder may be chiefly copper, iron and silicon. 

(2) 94.0 Grade, containing not less than 94 per cent alumi- 
num. A maximum of 0.5 per cent of zinc will be allowed in this 
grade. The remainder may be chiefly copper. 

(3) 90.0-A Grade, containing not less than 90 per cent 
aluminum. A maximum of 0.5 per cent of zinc will be allowed 
in this grade. The remainder may be chiefly copper. 

1 Criticisms of these Tentative Specifications are solicited and should be directed, prefer- 
ably before January 1, 1926, to Mr. P. D. Merica, Secretary of Committee B-2 on Non- 


Ferrous Metals and Alloys, International Nickel Co., 67 Wall St., New York City. 
2 See p. 160. F 
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(4) 90.0-B Grade, containing not less than 90 per cent 
aluminum. A maximum of 4 per cent of zinc will be allowed in 
this grade. The remainder may be chiefly copper. 


I, MANUFACTURE. 


2. The manufacturer shall use care to have each lot of 
metal as uniform as possible. 

3. The aluminum may be in the form of ingots, rods or shot. 

Ingots should be of convenient size for use. Ingots with a 
minimum of five notches, weighing approximately 3 lb. will 
meet the requirements of these specifications. 

Rods may be either rolled or cast and 2 to 4 in. in diameter. 

Shot should be of convenient size. That, produced by 
running the molten metal through §-in. diameter holes is satis- 
factory. 


II. SAMPLING. 


4. If the aluminum is shipped in carload lots, random 
samples shall be taken but not less than five ingots for each car. 
If the shipment is in less than carload lots, one ingot shall be 
taken for each 10,000 lb. (4536 kg.) or fractional part thereof. 

5. The ingots selected shall be drilled completely through, 
or half through from top and bottom. ‘The drillings shall be 
fine, thin chips. They shall be thoroughly mixed, and the 
sample for analysis shall not be less than 60 g. 

Rods shall be sampled in a similar manner, except that the 
drilling shall be radial. 

An equivalent amount of shot shall be taken as a sample 
and reduced by quartering to a sample of convenient size. 


III. ANALYSES. 

6. The chemical analysis shall be made in accordance with 
the Tentative Methods of Chemical Analysis of Aluminum and 
Light Aluminum Alloys (Serial Designation: B 40-25 T) of the 
American Society for Testing Materials.’ 


IV. MARKING. 

7. The maker’s brand and the grade of aluminum shall be 
cast or rolled on each ingot or rod and marked plainly on each 
container of shot metal. When marking the grade by casting 
or rolling is not practicable, the grade shall be indicated by 


1See p. 171. 
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spotting each large ingot or one ingot or rod from each bundle 
with a designating color of paint, red indicating the 98.0 Virgin 
grade, yellow the 94.0 Virgin grade, red and white the Secondary 
98.0 Grade, red and yellow the Secondary 94.0 Grade, red and 
blue the Secondary 90.0-A Grade, and red and black the Sec- 
ondary 90.0-B Grade. 


V. CLAIMS. 


8. Claims, to be considered, shall be made in writing within 
ten days of receipt of material at the purchaser’s plant, and 
the results of the purchaser’s tests shall be given. The vender 
shall within ten days of such claim, either agree to satisfy the 
claim or send a representative to the purchaser’s plant to resample 
the shipment as specified in Section 3. Samples so taken shall 
be sealed and submitted to a mutually agreeable umpire, whose 
determination shall be final. 

10. The expense of the umpire analysis shall be paid by the 
loser, or divided in proportion to the concession made, in case 
of compromise. In case rejection is established, the damage 
shall be limited to the payment of freight both ways by the vender 
for the substitution of an equivalent weight of metal meeting 
specifications. 


Claims. 


TENTATIVE SPECIFICATIONS 
FOR 
NON-FERROUS INSECT SCREEN CLOTH? 


Serial Designation: B 50-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to revision. 


ISSUED, 1923; REVISED, 1925. 


1. These specifications cover insect screen cloth woven from 
non-ferrous wire and intended to be used as a protection against 
insects or other small animals. 


I. MANUFACTURE 


2. There shall be two classes of standard insect screen cloth 
depending upon the material used as follows: 
(a) Class A, comprising cloth made from copper wire. 
(b) Class B, comprising cloth made from a 90 copper-10 zinc 
alloy wire. | 
3. Insect screen cloth shall be manufactured in four weights or 
sizes of mesh as follows: 


14-mesh 16-mesh heavy 
16-mesh 18-mesh 


4. The same quality and size of wire shall be used for both the 
warp and filling. 
II. CHEMICAL PROPERTIES 


5. The composition of the wire used for Class A insect screen cloth 
shall conform to the requirements either of the Standard Specifications 
for Lake Copper Wire Bars, Cakes, Slabs, Billets, Ingots, and Ingot 
Bars (Serial Designation: B 4), or of the Standard Specifications for 
Electrolytic Copper Wire Bars, Cakes, Slabs, Billets, Ingots, and 
Ingot Bars (Serial Designation: B 5) of the American Society for 
Testing Materials.? 

1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. W. H. 


Bassett, Secretary of Committee D-14 on Screen Wire Cloth, American Brass Co., Waterbury, Conn. 
21924 Book of A.S.T.M. Standards. 
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6. The wire for Class B insect screen cloth shall conform to the 
following chemical requirements: 


WODPer cere et t... Cem ag ear ge 90.00 to 92.00 per cent 
eau maximum +. FS I OT 8 . 0.03 per cent 

eyOe DUAR...’ Ate a eter failed 6 0.06 per cent 

IGE fk 3 J iiseet aca MEE AA cies o 2 Remainder 


III. PHYSICAL PROPERTIES OF WIRE 
7. The physical properties for all classes of screen wire shall be 
subject to agreement between the producer of the wire and the 
purchaser. 


Note.—Wire for weaving insect screen cloth is usually furnished with a drawn 
temper. The needs of different weavers of wire cloth apparently call for difference 
in drawn temper and it is consequently at present impossible to give definite physical 
properties which would be satisfactory to the entire trade. It has, therefore, seemed 
better to leave this matter to specific agreement between the producers of wire and 
the manufacturers of wire cloth. 


IV. STANDARD SIZES, WEIGHTS, DIMENSIONS, ETC. 
8. (a) The nominal diameter of wires to be used for the various Size of Wire. 
weights of standard insect screen cloth shall be in accordance with the 
following: 


MESH DIAMETER, IN. 
14 0.0119 
16 0.0113 
16 (Heavy) 0.0150 
18 0.0106 


(b) The permissible variation from the nominal diameter of any 
of the wires specified above shall be +0.00025 in. 

9. The mesh as determined by counting the openings per linear 
inch for a length of one foot on any samples selected at random shall 
not vary from the nominal value in the warp, but an average variation 
of not more than 4 mesh per linear inch shall be permissible in the 
filling. | 

10. Insect screen cloth shall be furnished in rolls of approximately 
100 linear feet. At least 87.5 per cent of the rolls ordered shall be in 
one continuous length; the remaining rolls may be in two lengths. 

11. The widths of standard insect screen cloth shall be from 18 to 
48 in. in multiples of 2 in. The permissible variation in over all width 
as measured from outside wire to outside wire shall be + in. 


V. WORKMANSHIP AND FINISH 
12. (a) The insect screen cloth shall be free from all imperfections 
and blemishes not consistent with best commercial practice. 
(b) Well-made splices in individual wires are permitted at any 
point in the screen cloth. 
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VI. INSPECTION 


13. (a) All testing and inspection, both of individual wires and 
completed cloth, shall be made at the place of manufacture. Tests 
on individual wires shall be made on samples taken before weaving 
and not on wires removed from finished cloth. 

(b) The manufacturer shall afford the inspector representing the 
purchaser all reasonable facilities to satisfy him that the material 
conforms to these specifications. 


APPENDIX 


The following table giving the weights of various mesh of insect screen cloth 
is not a part of these specifications, but is appended as a source of information 
for the purchaser: 


APPROXIMATE WEIGHT PER 100 SQ. FT. 
oF INSECT SCREEN CLOTH WRAPPED AND 


MESH LABELED READY FOR SHIPMENT 
14 143 lb. 
16 ie dong> 
16 (Heavy) 27 2a 


18 14 es 


TENTATIVE METHODS OF CHEMICAL ANALYSIS 
OF 
ALUMINUM AND LIGHT ALUMINUM ALLOYS:.! 


Serial Designation: B 40-25 T. 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. 


ISSUED, 1921; REVISED, 1923, 1925. 


The methods of analysis listed under “‘Analysis of Aluminum” 
contemplate the analysis of aluminum containing more than 98 per 
cent aluminum and containing only silicon, titanium, iron, copper, 
_ carbon and traces of manganese as impurities. 

Unless it is positively known that such elements as tin, antimony, 
zinc, lead, nickel, magnesium, sodium, nitrogen or oxygen (as alumi- 
num oxide) are absent, the methods listed under the ‘‘Analysis of 
Light Aluminum Alloys” should be employed. 


ANALYSIS OF ALUMINUM. 
(Not LESS THAN 98 PER CENT ALUMINUM.) 
DETERMINATION OF SILICON AND TITANIUM. 


DETERMINATION OF TOTAL SILICON. 


SOLUTIONS REQUIRED. 


“Acid Mixture.”—1200 cc. of H.SO, (25-per-cent by volume), 
600 cc. HCl (sp. gr. 1.20) and 200 cc. HNO; (sp. gr. 1.42). 

25-per-cent Sulfuric Acid.—Pour 250 cc. of HeSO, (sp. gr. 1.84) 
into distilled water, and dilute to 1000 cc. 


METHOD. 


Dissolve 1 g. of the well-mixed sample in 35 cc. of the acid mixture 
in a covered flat-bottomed porcelain dish or casserole. When the 
drillings are completely dissolved, boil the solution to complete 

1 Criticisms of these Tentative Methods are solicited and should be directed, preferably before 


January 1, 1926, to Mr. P. D. Merica, Secretary of Committee B-2 on Non-Ferrous Metals and Alloys, 
International Nickel Co., 67 Wall St., New York City. 
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expulsion of HNO; and HCl and heat until copious fumes of H2SO, 
have been given off for five minutes. Cool and take up the residue with 
10 cc. of 25-per-cent H2SO, and 100 cc. of water. Warm to complete 
solution of the sulfates and filter on an ashless filter paper. Wash the 
residue with hot water until free from sulfates and ignite in a platinum 
crucible. Fuse the residue with 8 to 10 times its weight of Na.CO; 
and,treat the fused mass in a casserole or beaker with 20 cc. of 
H.SO, (1:3), washing out the crucible. Evaporate the solution until 
it fumes strongly to separate the SiO. Cool, dilute to about 100 
cc., boil till the salts are dissolved, filter, wash well, ignite in a 
platinum crucible and weigh. ‘Treat the ash with HF and a few 
drops of H2SO, (1:3), carefully evaporate till dry, ignite and again 
weigh. 

From the difference between the two weights deduct a blank 
obtained from the reagents and filter. The rest of the loss in 
weight represents SiO: corresponding to the Si in the metal. 


SiO. .0:4672 =S1. 


NOTEs. 


Blanks should be carried along with all reagents and the proper corrections made. 

In routine analysis, fusion of the first H.SO, residue with sodium carbonate 
and subsequent treatment to the point of treating the ash with HF may be 
omitted. The first residue may be weighed and treated with HF, etc., as directed 
for the second H2SO, residue. This, however, should not be done if the material 
contains much graphitic silicon or if the residue after ignition is dark colored. 


‘DETERMINATION OF TITANIUM. 


APPARATUS AND SOLUTIONS REQUIRED. 


Nessler tubes or some form of colorimeter. 

Hydrogen Peroxide U.S. P.—This reagent must be free from HF. 

Standard Titanium Solution.—This solution is best prepared and 
standardized as follows:! 


“Potassium titanium fluoride, K.TiF, best serves as the starting 
point for the preparation of the standard solution. A quantity of this 
is recrystallized from boiling water one or more times, dried, and 
preserved in a glass-stoppered bottle. Enough of it to make 0.5 to 1 
liter of the standard sulfate solution is put into a platinum dish and 
evaporated several times with strong sulfuric acid without bringing to 
dryness, till the fluorine is completely expelled. The residue is then 
taken up with water containing enough sulfuric acid to make at least 


1W. F. Hillebrand, ‘‘The Analysis of Silicate and Carbonate Rocks,” Bulletin No. 700, U. S. 
Geological Survey, p. 157. 


SERIAL DESIGNATION: B 40-25 T. 173 


*5 per cent of the latter when fully diluted. Two 50 to 100-cc. portions 
of the prepared solution are then further diluted, boiled, and precipi- 
tated with ammonia. The precipitates are collected on paper, washed 
with hot water till free from alkali, ignited moist in the filter, blasted, 
and weighed. Duplicates should agree almost exactly. From the 
weights found, the strength of the standard is calculated and the result 
affixed to the bottle containing it. The stopper of the bottle should be 

coated with vaseline and the needed quantities of solution should be 
withdrawn by a pipette, never poured. In a solution so prepared 
there is not enough alkali sulfate to weaken the color when peroxidized.”’ 


METHOD. 


See ‘‘ Determination of Total Silicon.” 

Fuse the non-volatile residue remaining after the silicon determi- 
nation in a small amount of KS.O;, take up in a little 5-per-cent 
H.SO, and add to the filtrates and washings from the silicon deter- 
mination. Evaporate the solution to approximately 100 cc., and treat 
with 5 cc. H2SO, (sp. gr. 1.84) and 3 g. of iron-free zinc. Heat until 
the zinc is nearly dissolved and the reduction of copper is complete. 
Decant the solution into another beaker, wash the zinc and copper 
with hot water and continue the evaporation of the solution to approxi- 
mately 75 cc. Cool and transfer to a 100-cc. Nessler’s comparison 
tube, add 5 cc. of 3-per-cent H,O, and dilute to the 100-cc. mark. In 
another tube, place 88 cc. H2O, 5 cc. of HeSO, (sp. gr. 1.84) and cool. 
Add 5 cc. of 3-per-cent H,O, and then from a burette add the standard 
titanium solution until the colors match. The volume of the standard 
solution required multiplied by 100 times its titre represents the 
percentage of titanium in the sample. 


NOTES. 


The filtrate and washings from the Silicon Determination should ordinarily be 
colorless. If light yellow owing to iron, the standard comparison solution should 
be brought to the same tint with ferric sulfate solution before adding the hydrogen 
peroxide. 

In case the amount of titanium is high the solution may be diluted to a definite 
volume and aliquot portions taken for the colorimetric test. 


DETERMINATION OF IRON 


SOLUTIONS REQUIRED 


“Acid Mixture.’’—1200 cc. of H.SO, (25-per-cent by volume), 
600 cc. of HCl (sp. gr. 1.20) and 200 cc. of HNO; (sp. gr. 1.42). 
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Tartaric Acid Solution—Dissolve 20 g. of tartaric acid crystals 
in 100 cc. of distilled water. 

Dilute Ammonium Sulfide Solution—Add 15 cc. of NH,OH 
(sp. gr. 0.90) to 15 cc. of distilled water and saturate with HS; then 
dilute to 200 cc. with distilled water. Use freshly made. | 

Dilute Sulfuric Acid Solution for Reductor (5-per-cent)—Mix 
50 cc. of H2SO, (sp. gr. 1.84) and 1000 cc. of distilled water. 

Standard Potassium Permanganate Solution—Dissolve 1 g. 
KMn0O, in 1000 cc. of HO, and allow to stand for several days in a 
glass-stoppered bottle in a dark closet. Filter the solution through 
prepared asbestos and standardize against 0.1000-g. portions of pure 
sodium oxalate. Each cubic centimeter is equivalent to approxi- 
mately 0.00177 g. of iron. 


METHOD 


Dissolve 1 g. of the well-mixed sample in 35 cc. of the acid mixture 
and proceed as in ‘“‘Determination of Silicon,” including treatment 
with HF omitting the weighing of residues. Fuse the last residue 
obtained with a small amount of K,S.O;, take up in a little 5-per-cent 
H.SO,, and add to the filtrates and washings obtained. Saturate this 
solution with HS and filter. To the filtrate add 25 cc. of the tartaric 
acid solution, and then with constant stirring, add NH,OH (sp. gr. 
0.90), finally drop by drop, until it is in slight excess. Pass in H2S for 
a few moments, warm somewhat and allow the solution to stand. 
Filter and wash the sulfide precipitate thoroughly with a freshly made 
dilute ammonium sulfide solution, until all tartaric acid is washed out. 

Dissolve the sulfide precipitate through the filter paper with 
warm dilute H.SO, (1:10) washing the paper thoroughly, alternately 
with hot distilled water and with 5-per-cent H:SO,. Boil until all H.S 
is expelled and add HNO; (sp. gr. 1.42) until the iron is oxidized, 
which is shown by the solution becoming of a yellowish color. Add 
3 to 4 g. of NH,Cl and then NH,OH (sp. gr. 0.90) in excess until a 
permanent precipitate forms. Boil again, allow to settle and filter, 
washing with dilute ammonia and hot distilled water. 

Dissolve the washed precipitate through the filter with warm 
dilute H,SO, (1:10), wash the paper thoroughly with 5-per-cent 
H.SO. and hot distilled water, using in all about 100 cc. Pass the 
solution through the reductor and wash the beaker and reductor with 
150 cc. of dilute H2SO, for reductor and then 100 cc. of distilled water. 
Titrate with standard KMn0O, solution. 
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Notes 


Results of titration should be checked with a blank determination made on 
corresponding amounts of solutions used. 

A small quantity of liquid should always be left in the reductor funnel and 
air should never be allowed to enter the body of the reductor. 

For further details of the use of reductor see ‘“’The Chemical Analysis of Iron,” 
by A. S. Blair, or ‘““Quantitive Chemical Analysis,’ by H. P. Talbot. 

The effect of tartaric acid is to form complexes with aluminum, vanadium, 
chromium, titanium, etc., preventing their precipitation as hydroxides. 

Where the iron exists in very small quantities, a gravimetric method is pre- 
ferable. In this case, double precipitation of iron sulfide is necessary to eliminate 
all aluminum. Dissolve the second sulfide precipitate in warm dilute H2SO, (1:10), 
boil, and oxidize the iron with H,O.. Add 3 to 4 g. of NH,Cl and then NH,OH 
(sp. gr. 0.90) in considerable excess, with stirring. Filter quickly, dry and ignite 
the precipitate, weighing as ferric oxide. If an accurate determination of iron is 
desired, it is necessary to correct for the small accumulation of silica by treatment 
of the ignited precipitate with H,SO.. HF. 


DETERMINATION OF COPPER BY ELECTROLYTIC METHOD 


APPARATUS FOR ELECTROLYSIS 


See the “‘Determination of Copper by the Electrolytic Method” 
in the Standard Methods of Chemical Analysis of Manganese Bronze 
(Serial Designation : B 27) of the American Society for Testing 
Materials.! 


SOLUTIONS REQUIRED 


Sodium Hydroxide Solution.—Dissolve 250 g. of NaOH in dis- 
tilled water and dilute to 1000 cc. 

Nitric Acid (1:1)—Pour 500 cc. of HNO; (sp. gr. 1.42) into dis- 
tilled water and dilute to 1000 cc. 


METHOD 


Dissolve 10 g. of the sample in a large casserole or beaker with 
150 cc. of the NaOH solution. This should be added in small portions 
as the action is vigorous for a time. After the action slackens, com- 
plete solution may be hastened by warming. When no evidence of 
further reaction can be seen, dilute to about 700 cc. with water at the 
boiling temperature. Filter through a strong paper and wash. 

Dissolve the residue from the paper with 25 cc. of hot HNO; 
(1:1) into a beaker for electrolyzing, and wash the filter thoroughly 
with hot water. Boil to expel oxides of nitrogen, add 6 to 8 cc. of 
H.SO, (1:1), dilute to about 150 cc. and electrolyze. Use a weighed: 
sand-blasted cathode and a current of from 3 to 5 amperes at approxi- 
mately 10 volts. When the solution is colorless and 1 cc. of the solution 
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gives no copper test with H.S water on a porcelain plate, remove the 
solution from the electrodes quickly without interrupting the current. 
Quickly rinse the cathode in distilled water and then dip it in two 
successive baths of alcohol. Shake off the excess alcohol and ignite 
the remainder by bringing it to the flame of an alcohol lamp. Keep 
the cathode moving continually while the alcohol burns. Weigh as 
metallic copper. 
NOTES 


The electrolytic method is preferred for the determination of copper no matter 
what the percentage. 

It is not anticipated that the aluminum will contain tin. In case tin has been 
found it will be preferable to precipitate with hydrogen sulfide. The sulfides are 
then to be dissolved, digested in HNO; (1: 1), the metastannic acid filtered off © 
and the electrolysis then carried out. 

A staining of the anode indicates the presence of lead or manganese. 

Copper, when present in small amounts, may also be determined by potassium 
cyanide titration. See Standard Methods of Chemical Analysis of Alloys of Lead, 
Tin, Antimony and Copper (Serial Designation: B 18) of the American Society for 
Testing Materials.! 


DETERMINATION OF MANGANESE. 


(a) Persulfate Method. (For samples containing under 1.5 per cent 
of Manganese.) 


SOLUTIONS REQUIRED. 


“Acid Mixture.’’—Pour 400 cc. of H:SO, (sp. gr. 1.84) into dis- 
tilled water, cool and add 400 cc. of HNO; (sp. gr. 1.42). Then 
dilute the mixture with distilled water to a total volume of 2000 cc. 

Silver Nitrate.—Dissolve 1.33 g. of AgNO3 in 1000 cc. of distilled 
water. 

Stock Sodium Arsenite Solution—To 15 g. of arsenious oxide 
(As,O3) in a 300-cc. Erlenmeyer flask, add 45 g. of NazCO; and 150 cc. 
of distilled water. Heat the flask and contents on the steam bath 
until the AsO; is dissolved. Cool the solution, filter and make up to 
1000 cc. with distilled water. 

Standard Sodium Arsenite Solution.—Mix 200 cc. of the stock 
sodium arsenite solution with 2500 cc. of distilled water, and stand- 
ardize by the method described below against a steel or iron of known 
manganese content. One cubic centimeter of this solution should be 
equivalent to approximately 0.00050 g. of manganese. 

Ammonium Persulfate.—Dissolve 6 g. of ammonium persulfate 
in 100 cc. of distilled water. (This solution should be made up as 
needed as it deteriorates rapidly.) 
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METHOD. 


In a 250-cc. Erlenmeyer flask, dissolve 1 g. of the sample in 
30 cc. of acid mixture by warming on a water bath until solution 
is complete. Boil until oxides of nitrogen are expelled. Dilute to 
100 cc. with boiling hot water, remove the flask from the flame, add 
20 cc. of AgNO; solution, and then 30 cc. of the persulfate solution. 
Let the solution stand on the steam bath until it has developed a full 
permanganate color and no bubbles can be seen to come off when the 
flask is given a whirling motion. Cool to below 25° C., and titrate 
with the standard arsenite solution to the disappearance of the pink 
color. 

NOTEs. 


Large amounts (above 0.01 g. of manganese per 100 cc. of solution) of perman- 
ganic acid are unstable; the method can, however, be used with satisfaction for alloys 
containing high percentages of manganese by decreasing the size of the sample. 

The ammonium persulfate must be tested for its strength. A good grade 
should contain about 95 per cent of (NHa)2 S20g; some lots contain no more than 
25 per cent of the salt. 

If it is desired, larger amounts of the sample can be used and correspondingly 
greater amounts of AgNO;, NaCl and (NHz)2S20s (preferably in the form of stronger 
solutions). 


(6) Bismuthate Method. (For samples containing less than 1.50 per 
cent manganese.) (Optional.) 


SOLUTIONS REQUIRED. 

Dilute Sulfuric Acid (1 : 1).—Pour 500 cc. of H2SQx, (sp. gr. 1.84) 
into distilled water, cool and dilute to 1000 cc. | 

Nitric Acid (1 : 8).—Pour 250 cc. of HNO; (sp. gr. 1.42) into 
distilled water and dilute to 1000 cc. 

Dilute Niiric Acid (3-per-cent)—Pour 30 cc. of HNOs (sp. gr. 
1.42) into distilled water and dilute to 1000 cc. 

Standard Permanganate Solution—Dissolve 1 g. of KMn0Q, in 
1000 cc. of distilled water. Allow it to stand for at least one week 
and then filter through purified asbestos. Standardize against 0.1 g. 
portions of pure sodium oxalate. One cubic centimeter of this solution 
should be equal to approximately 0.00035 g. of manganese. 

Standard Ferrous Ammonium Sulfate Solution.—Dissolve 12.4 g. 
of ferrous ammonium sulfate crystals in 950 cc. distilled water, and 
add 50 cc. of H2SO, (sp. gr. 1.84). 


METHOD. 
In a 250-cc. Erlenmeyer flask dissolve 0.5 g. of the sample in 10 cc. 
of H.SO, (1:1), adding a drop or two of HNO; (sp. gr. 1.42) occa- 
sionally. 
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| When solution is complete heat to expel all oxides of nitrogen — 

and cool. Dilute with 50 cc. of HNO; (1 : 3) and add 0.5 g. sodium 
bismuthate. Heat for a few minutes until the purple color has disap- 
peared with or without the precipitation of manganese dioxide. Add 
a little ferrous ammonium sulfate solution until the solution becomes 
clear and boil until the oxides of nitrogen are expelled. Cool, add an 
excess of sodium bismuthate and agitate for a few minutes. Add 50 cc. 
of 3-per-cent HNO; and filter through an alundum crucible or an 
asbestos pad. Wash with 50 cc. of 3-per-cent HNO;. Add from a 
pipette or a burette 10 to 50 cc. (depending on the amount of perman- 
ganic acid) of ferrous ammonium sulfate solution and pase with 
the KMnO, solution. 

In exactly the same manner carry through a blank determination 
using the same amounts of H2SO,, HNO;, and sodium bismuthate as 
was done with the regular sample. Finally add the exact volume of 
ferrous ammonium sulfate solution employed and titrate with the 
KMn0O, solution. 

The difference between the volumes required in the two titra- 
tions represents the manganese in the sample, and the percentage is 
found by multiplying this volume by 200 times the manganese titre 
of the permanganate solution. 


NOTES. 


Large amounts (above 0.01 g. of manganese per 100 cc. of solution) of perman- 
ganic acid are unstable; the method can be used with satisfaction for alloys contain- 
ing high percentages of manganese by decreasing the size of the sample. 

The filtrate from the bismuthate must be perfectly clear, as the least particle 
of bismuthate carried into the filtrate will vitiate the results. 

The solution must be cold at time of filtration and titration. 

Instead of employing the method of reducing permanganic acid by means of 
standardized ferrous ammonium sulfate solution and titrating the excess of the 
reagent, it is possible to reduce the permanganic acid by standard sodium-arsenite 
solution. See ‘‘Determination of Manganese by the Persulfate Method.” 

The sodium bismuthate reagent should be tested for manganese and used only 
if its absence is shown. 


ANALYSIS OF LIGHT ALUMINUM ALLOYS. 
DETERMINATION OF SILICON, TITANIUM AND IRON. 


DETERMINATION OF TOTAL SILICON. 


Proceed as described under ‘Determination of Silicon’ in 
Aluminum. 
NOTE. 


In case lead sulfate is present (as evidenced by a white crystallin precipitate 
quickly settling after stirring to the bottom of the casserole) the filtered precipitate 
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must be washed free from the sulfate with an HN.C2H302 wash solution made up as 
follows: Take 20 cc. NH,OH (sp. gr. 0.90) add 20 cc. of distilled water and make 
slightly acid with glacial acetic acid. The final washing must be made with hot water. 


DETERMINATION OF TITANIUM.» 


(a) In the absence of nickel. 
METHOD. 


Proceed as described under ‘‘Determination of Titanium” in 
Aluminum. 
NOTE. 


Vanadium, which interferes in the test, should not be encountered in this class 
of material. Its presence would be betrayed by an ‘‘off’’ reddish-brown cast in the 
peroxidized solution. 


(b) In the presence of nickel. 


METHOD. 


Dissolve 1 g. of the sample as described under “ Determination 
of Tin and Antimony” below. If the nitric acid solution of the sodium 
hydroxide insoluble is not clear it must be filtered, the residue burned 
in platinum, fused with a little K:S.0;, dissolved in a little 5-per-cent 
H2SO, and added to the nitric acid filtrate. Dilute the nitric acid 
solution to 200 cc., treat with NH,OH (sp. gr. 0.90) until ammoniacal, 
boil 3 minutes, filter and wash. Dissolve the precipitate in hot dilute 
H2SO, (25-per-cent) keeping the volume below 80 cc., cool and proceed 
with the colorimetric test as described under ‘‘Determination of 
Titanium” in Aluminum. 

NOTES. 
The above method provides for the color interference of copper and nickel when 
_they are present in large amounts. 


Vanadium (see Notes above) and other elements which would cause color inter- 
ferences are not apt to occur in this class of material. 


DETERMINATION OF IRON. 


SOLUTIONS REQUIRED. 


Potassium Permanganate Solution (10-per-cent).—Dissolve 10 g. of 
KMn0O, in distilled water and dilute to 100 cc. 

Diluie Sulfuric Acid for Reductor.—Mix 50 cc. of H2SO, (sp. gr. 
1.84) and 1000 cc. of distilled water. 

Standard Potassium Permanganate Solution.—Dissolve 1 g. of 
KMn0O, in 1000 cc. H:0, and allow to stand for several days in a glass- 
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stoppered bottle in a dark closet. Filter the solution through prepared 
asbestos and standardize against 0.1000-g. portions of pure sodium 
oxalate. Each cubic centimeter is equivalent to approximately 
0.0018 g. of iron. 


METHOD. 


See ‘Determination of Titanium.” 

Transfer the solution used in the “Determination of Titanium” 
from the Nessler tube to a 400-cc. beaker, add 10-per-cent KMnO, 
solution to a good permanent pink tint and pass the solution through 
the reductor. Wash the beaker and reductor with 150 cc. of the H.SO, 
for reduction and then with 100 cc. of distilled water. Titrate with the 
standard KMnO, solution. 

The results of the titration should be corrected by a “blank” 
determination made on 100 cc. of a 7-per-cent H2SO; solution which has 
been carried through as in the titanium and iron determinations, 
not omitting the treatment with iron-free zinc, hydrogen peroxide, 
and permanganate preliminary to the actual reduction. About 0.5 cc. 
of the permanganate solution will be required to give a permanent 
color to the blank. 

Calculate the apparent percentage of iron. To obtain the true 
percentage, multiply the percentage of titanium by 1.161 and subtract. 


NOTES. 


For description and further details of use of reductor see ‘‘'Chemical Analysis 
of Iron,” by A. A. Blair, or ‘Quantitative Chemical Analysis,’’ by H. P. Talbot. 

Air should never be allowed to enter the body of the reductor. 

Titanium is reduced to the trivalent condition in the reduction process and 
afterwards oxidized to the quadrivalent condition by the permanganate. There is 
a slight tendency toward oxidation in the receiver, but this may be disregarded in 
the small amounts of titanium ordinarily involved. 

In case titanium is present and iron alone is to be determined proceed as follows: 
Place the H2SO, solution of the sample in a 250-cc. flask, dilute to 100 cc. containing 
2.5 cc. HeSO, (sp. gr. 1.84) and treat with H2S for 30 minutes in the cold and 15 
minutes while warmed. If sulfides appear, filter and gas the filtrate 10 minutes more. 
Add 15 cc. H2SO, (1 : 1) and boil vigorously until H.S is expelled and the volume 
reduced to 50 cc. Fill the flask with distilled water, transfer to a beaker, and titrate 
with KMnQ, solution. 

In case the alloy contains high percentages of copper, lead, tin or antimony it is 
preferable to treat the combined filtrate and washings from the silicon determination 
with H2S and filter off and wash the sulfates. The solution should then be boiled 
free from hydrogen sulfide, treated with 10-per-cent KMnO, solution to a pink tint 
and then reduced as directed. 

Reducible elements other than iron and titanium must be absent. Such elements 
are chromium, vanadium, molybdenum, tungsten and uranium, and they ordinarily 
will not be found in this class of material. 
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DETERMINATION OF ANTIMONY, TIN, LEAD AND COPPER. 
PRELIMINARY SEPARATION. 


SOLUTIONS REQUIRED. 


~ Sodium Hydroxide Solution (25-per-cent).—Dissolve 250 g. of 
NaOH in distilled water and dilute to 1000 cc. If a sediment forms 
on standing, decant the solution and filter through an asbestos pad. 
The NaOH must be entirely free from organic matter. 
Nitric Acid (1: 1)—Pour 500 cc. of HNO; (sp. gr. 1.42) into 
distilled water and dilute to 1000 cc. 


METHOD. 


Dissolve 5 g. of the sample in a covered porcelain dish of suitable 
size in 125 cc. of (25-per-cent) NaOH solution. When solution is 
complete dilute with 100 cc. of distilled water, decant off the clear 
solution and wash the residue well with hot dilute NaOH solution 
(2-per-cent). Treat the filtrate and washings with H2S. If no precip- 
itate appears, zinc is absent. In case a precipitate appears, zinc 
must be determined in a fresh sample as described further. Unfold 
the wet paper containing the NaOH insoluble and wash the residue 
back into the original vessel. Replace the paper in the funnel and 
pour 20 cc. of hot HNO; (1:1) over the paper and allow it to filter 
into the original vessel. Boil the residue until action ceases and oxides 
of nitrogen are expelled. Add 50 cc. of hot distilled water and allow 
to stand and settle for about one hour, keeping the temperature just 
below the boiling point. Filter on an ashless paper, being careful to 
keep the solution hot throughout the process of filtration, and reclev- 
ing the filtrate in a 200-cc. beaker of the tall type used in electrolysis. 
Wash with boiling hot water. Retain the filtrate and washings for 
subsequent use in the copper and lead determinations and treat the 
residue as described under ‘‘ Determination of Antimony.” 


NOTES. 

Antimony will be quantitatively recovered with the tin provided it does not ex- 
ceed one-fifth its amount. In the rare case of high antimony evaporate the nitric 
acid solution of the NaOH insoluble to dryness, bake at 105° C., take up in hot 10-per- 
cent by volume nitric acid, and proceed with the filtration and washing. 

The metastannic acid precipitate will not contain enough copper to make a 
recovery worth while in ordinary work. As iron is determined in a separate portion 
and does not interfere in the determinations of antimony and tin, it may also be 
disregarded. 

DETERMINATION OF ANTIMONY 


SOLUTIONS REQUIRED. 


Standard Permanganate Solution.—The solution prepared as 
under “Determination of Iron” may be employed. It must be 
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standardized against weighed 0.05-g. portions of pure antimony or 


suitable material of known antimony content carried through the 
regular procedure after solution in acid and treatment in the Kjeldahl 
flask. 

METHOD. 


See “Preliminary Separation.” 

Transfer the filter containing metastannic acid and antimony 
oxide to a 500-cc. Kjeldahl flask, add 10 to 12 cc. H2SO, (sp. gr. 1.84) 
and 3 to 5 g. Na,SO,.. Heat until all organic matter is decomposed. 
Dilute, when cool, with 20 cc. of water. Add 0.5 g. NaeSO; and boil 
until all SO: is expelled from the flask. Dilute to about 250 cc., add 
20 cc. of HCl (sp. gr. 1.20) cool to 10° C. and titrate with the KMnO, 
solution to the first definite shade of pink. Reserve the solution for 
the “‘ Determination of Tin.”’ 


-' DETERMINATION OF TIN. 


SOLUTIONS REQUIRED. 

Standard Iodine Solution.—Dissolve 10.7 g. of iodine in 50 cc. of 
water containing 20 g. of KI in solution, and dilute to 1000 cc. when 
the 1odine is completely in solution. Standardize against pure tin by 
the method described below. 

Starch Solution.—Prepare as described under ‘ Determination 
of Copper, Iodide Method.” 


METHOD. 


See “‘ Determination of Antimony.” 

Transfer the solution used in ‘Determination of Antimony” 
to a 450-cc. Erlenmeyer flask, add an excess of powdered antimony 
and 50 cc. of HCl (sp. gr. 1.20). Attach a reflux condenser and boil 
for 15 minutes on a hot plate. Cool in a current of COs, add 5 cc. of 
starch solution, and without disconnecting the stream of COk, titrate 
with the iodine solution to the blue end point. 


DETERMINATION OF COPPER AND LEAD SIMULTANEOUSLY. 
BY THE 
ELECTROLYTIC METHOD. 


APPARATUS REQUIRED. 
See ‘Determination of Copper’ under “Analysis of Aluminum.” 


METHOD. 
See “ Preliminary Separation.” 


Dilute the filtrate and washings from the “Preliminary Separa- 


——— 
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tion” to about 150 cc. with distilled water and electrolyze, using 
weighed sand-blasted cathode and anode. Cover with a pair of split 
watch glasses and use a current of from 1.25 to 1.5 amperes, at approxi- 
mately 10 volts for each solution. After about one hour the lead will 
have been entirely deposited on the anode as PbO.; without inter- 
rupting the current add to the electrolyte 3 to 4 cc. of HeSOx, (sp. gr. 
1.84), wash down the cover glasses, electrodes and sides of the beaker 
and continue the electrolysis for 15 minutes. If no darkening of the 
-newly-exposed anode surface can be detected and if a few drops of 
H2S water added to 1 cc. of the electrolyte on a porcelain plate gives 
no coloration the electrolysis is complete. In this case, remove the 
solution from the electrodes quickly without interrupting the current. 
Rinse the electrodes in quick succession with distilled water and then 
twice with alcohol. Reserve the electrolyte and water washings for 
the nickel and magnesium determinations. Dry the anode at 210° C. 
for thirty minutes. Weigh as PbOs, using the factor for lead 0.8643 
instead of the theoretical value. Shake off the excess alcohol from 
the cathode and ignite the remainder by bringing it to the flame of an 
alcohol lamp. Keep the cathode moving continually while the alcohol 
burns. Weigh as metallic copper. 


NOTE. 

The electrolyte and water washings may be diluted to 500 cc. and one 250-cc. 
portion taken for the ‘‘ Determination of Nickel’’ and the other for the ‘‘ Determina- 
tion of Magnesium’”’ as directed further. If the alloy contains copper and no tin, 
antimony or lead the electrolytic method given under ‘Determination of Copper”’ 
in Aluminum may be employed. 


DETERMINATION OF LEAD AS SULFATE. 
(OPTIONAL.) 


SOLUTIONS REQUIRED. 


“Tead Acid.””—Mix 300 cc. of H2SQO, (sp. gr. 1.84) and 1800 cc. 
of distilled water. Dissolve 1g. of lead acetate C.P. in 300 cc. of 
distilled water and add this to the hot solution, stirring meanwhile. 
Let stand at least 24 hours and siphon through a thick asbestos filter. 

Dilute Alcohol for Washing.—Mix equal parts of denatured alcohol 
and distilled water. 

METHOD. 


* See ‘‘Preliminary Separation.”’ 

To the combined filtrate and washings from the “ Preliminary 
Separation” add 120 cc. of lead acid, and evaporate until copious fumes 
of H.SO, are evolved. Cool, add 105 cc. of distilled water to dissolve 
the salts and to make the concentration the same as in the lead acid, 
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heat to boiling, and allow to cool and settle for 5 hours, or over night 
if convenient. Filter on a weighed porcelain Gooch crucible and wash 
with lead acid. Set the filtrate and washings aside for the ‘‘ Determi- 
nation of Copper by the Iodide Method.” Continue the washing and 
wash out the lead acid with dilute alcohol. Set the Gooch crucible 
inside a porcelain crucible, dry and ignite for 5 minutes at the full 
heat of a Tirrill burner. Cool and weigh as PbSO,, which contains ~ 
68.32 per cent lead. 


DETERMINATION OF NICKEL 
BY THE 
DIMETHYLGLYOXIME METHOD. 


SOLUTIONS REQUIRED. 
Sulfuric Acid (1: 1).—Pour 500 cc. of H2SO, (sp. gr. 1.84) into 
distilled water, cool, and dilute to 1000 cc. 
Hydrogen Sulfide Wash Water.—Add 10 cc. of HSOx (sp. gr. 1.84) — 
to 1000 cc. of distilled water and saturate with HS. 
Tartaric Acid Solution (20-per-cent).—Dissolve 20 g. of tartaric 
acid in distilled water, dilute to 100 cc. and filter if necessary. 
Dimethylglyoxime Solution (1-per-cent).—Dissolve 10 g. of the 
reagent in 1000 cc- of 95-per-cent alcohol. 


METHOD. 


Dissolve 1 g. of the sample in 25 cc. of H2SO, (1 : 1) as directed 
in ‘Determination of Manganese by the Persulfate Method.” After 
oxides of nitrogen have been expelled add 14 cc. NH,OH in order to 
bring down the acidity to approximately 5 cc. H2SO, (sp. gr. 1.84) 
per 100 cc. of solution. Treat with hydrogen sulfide. Filter off the 
sulfides, wash with hydrogen sulfide wash water and boil the filtrate 
until HeS is expelled. Add a few crystals of (NH4)sS20g and boil 
thoroughly to destroy sulfur and oxidize iron. Add 20 cc. of tartaric 
acid solution and make slightly ammoniacal. If no precipitate appears 
add HCl (sp. gr. 1.20) to slight acidity. If a precipitate appears, 
dissolve in HCl add 10 cc. of tartaric acid and again make ammoniacal, 
repeating the operation, if necessary, to get a clear solution. To the 
weakly acid solution add dimethylglyoxime in such an amount that 
the ratio of the reagent to nickel is at least 4:1. Heat the solution 
to boiling, and make slightly ammoniacal. Allow to digest while 
cooling for two hours. Collect on a weighed Gooch crucible and wash 
thoroughly with hot water. Dry for forty-five minutes at 110 to 
120° C. and weigh. The nickel dimethylglyoxime contains 20.32 per 
_cent of nickel. 
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NOTEs, 


In case copper and lead have been determined electrolytically, nickel may be 
determined in one 250-cc. portion of the electrolyte and washings (see Notes), starting 
with the (NH,):S,0, treatment to oxidize iron and then proceeding as directed in 
the method above. 

Nickel may be precipitated by glyoxime, filtered, dissolved in nitric acid, made 
ammoniacal and titrated with cyanide solution according to Frevert’s method.! 


DETERMINATION OF MAGNESIUM. 


SOLUTIONS REQUIRED. 


Dilute Hydrochloric Acid (1: 1).—Pour 500 cc. of HCl (sp. gr. 
1.20) into distilled water and dilute to 1000 cc. 

Sulfuric Acid Wash Water.—Saturate 500 cc. of a 1-per-cent 
H.SQ, solution with HS. 

Ammonium Sulfide Wash.—Take 10 cc. of NH,OH, dilute to 
500 cc., add 10 g. NH,Cl and saturate with HS. 

Microcosmic Salt Solution.—Prepare a clear saturated solution 
as required. , 

Ammoniacal Wash Solution Dissolve 50 g. of NH,NO; in dis- 
tilled water, add 50 cc. NH,OH (sp. gr. 0.90)'dilute to 1000 cc. and 
filter if necessary. 

METHOD. 


Dissolve 10 g. of the sample and wash the residue as directed 
under the “Preliminary Separation Determination of Antimony, Tin, 
Lead and Copper.” Dissolve the residue in 10 cc. hot HCl (1: 1) 
using a little HNO; if necessary. If the hydrogen sulfide group of 
metals are present, neutralize with NH,OH, make weakly acid with 
HCl, dilute to 100 cc., heat and precipitate with hydrogen sulfide. 
Filter off the sulfides and wash with the H,SO, wash water. To this 
filtrate or to the HCl solution if no H2S treatment was required, add 
5 cc. HCl (sp. gr. 1.20) make slightly ammoniacal and precipitate 
with H2S. Let the solution stand for about two hours at a tempera- 
ture of approximately 40° C. (at the side of the steam bath). Filter 
and wash with the (NH,)2S wash. Acidify the filtrate with HCl, boil 
off HS, add (NH,)2S.0 and boil to destroy sulfur if necessary. Add 
1 g. of tartaric acid and 30 cc. of microcosmic salt solution. Cool, 
and add NH.OH (sp. gr. 0.90) drop by drop while stirring vigorously 
until a crystallin precipitate begins to form. Continue the very 
slow addition of NH,OH with stirring until a precipitate no longer 
forms and then add one-tenth the volume of NH,OH (sp. gr. 0.90) 
and let stand over night. Filter and wash with cold ammoniacal 


1A. A, Blair, ‘*The Chemical Analysis of Iron,’”’ 8th Edition, Lippincott and Co., pp. 182-183. 
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wash solution. Ignite slowly under oxidizing conditions in a tared 
porcelain or platinum crucible and finally heat over the blast lamp or 
its equivalent. Weigh as Mg.P.0;. The weight multiplied by 0.2185 
represents magnesium. . 

Norte. 

In case copper and lead were determined electrolytically one reserved portion 
of the electrolyte and washings (see Notes) may be used for the determination of 
magnesium, starting in with the addition of 5 cc. HCl (sp. gr. 1. aie and the precipi- 
tation of the (NH,)2S group. 


DETERMINATION OF MANGANESE. 


(a) Persulfate or Bismuthate Method. (For samples containing under 
1.50 per cent manganese.) 
Proceed as directed in ‘‘Determination of Manganese” under 

“Analysis of Aluminum.” , 

(0) Nitric Acid and Potassium Chlorate Method.’ (For samples 
containing over 1.50 per cent manganese.) 


SOLUTIONS REQUIRED. 


Hydrochloric Acid (1 : 1).—Mix 500 cc. of HCl (sp. gr. 1.20) and 
500 cc. of distilled water. 

Sulfurous Acid.—Pass SO, from a cylinder into 500 cc. of cold 
distilled water until saturated. 

Bromine Water.—Place 20 to 30 cc. of liquid bromine in a 500-cc. 
bottle, fill with cold distilled water, and shake thoroughly. Avoid 
any contact with the skin. 

Dilute Hydrochloric Acid (1 : 3.)\—Pour 250 cc. of HCl (sp. gr. 
1.20) into distilled water and dilute to 1000 cc. 

Sodium-Ammonium Phosphate Solution.—Prepare this solution as 
needed by dissolving 1 part of the salt in 6 parts of cold water and 
filtering. 

Ammonium Nitrate Solution.—Dissolve 100 g. of NHsNO; in 
distilled water, make slightly ammoniacal, dilute to 1000 cc. and filter 
if necessary. 

METHOD. | 

In a 250-cc. Erlenmeyer flask dissolve 1 g. of the sample in 30 cc. 
of. HCl (1:1). When solution is complete add 25 cc. HNOs (sp. er. 
1.42) and evaporate until the solution is almost syrupy. Add 50 cc. 
of HNO; (sp. gr. 1.42) and 5 g. KCIO3. Heat the solution to boiling 
either on the hot plate or on a tripod with a thin piece of sheet asbestos, 
about 1 in. (25 mm.) in diameter, on the center of the wire gauze. 


1A. A. Blair, ‘‘The Chemical Analysis of Iron,’’ 8th Edition, J. B. Lippincott and Co., pp. 108-115. 
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Boil the solution 15 minutes, remove from the heat, add 50 cc. HNO; 
(sp. gr. 1.42) and 5 g. KCIO; and boil 15 minutes longer or until 
yellowish fumes are no longer given off. Cool the solution rapidly 
in cold water and filter through asbestos. Wash two or three times 
with HNO; (sp. gr. 1.42) (free from oxides of nitrogen which dissolve 
the dioxide). 

Transfer the dioxide with the asbestos filter to the beaker in 
which the precipitation was made. Pour from 10 to 40 cc. of strong 
sulfurous acid through the filtering apparatus into the beaker. As 
soon as the precipitate has dissolved, filter from the asbestos into a 
150-cc. beaker, wash with hot water, and add 5 cc. HCl (sp. gr. 1.20). 
Heat to expulsion of SO:, add bromine water until the solution is 
strongly colored with it, and boil off all excess bromine. Add NH,OH 
in slight excess, boil for a few minutes, and filter into a 600-cc. beaker. 
Wash with hot water, remove and reserve the filtrate, and dissolve 
the precipitate in dilute HCl (1 : 3), allowing the solution to run back 
into the beaker in which the precipitation was made. Wash the filter 
with hot water. Boil the solution for 10 minutes to drive off any 
chlorine and reprecipitate by NH.OH~as before, filter into the reserved 
filtrate and repeat the solution, precipitation and filtration, allowing 
all the filtrates from the Fe(OH); to run into the 600-cc. beaker. 
Acidulate this solution, which will be about 300 or 400 cc. in volume, 
with acetic acid, heat to boiling and treat with H.S for 10 minutes. 
_ Filter, wash with a little dilute acetic acid saturated with hydrogen 
sulfide and boil off the hydrogen sulfide after adding 5 cc. of HCl 
(sp. gr. 1.20). Add from 5 to 20 cc. of a clear filtered solution of 
microcosmic salt, heat to boiling, and add NH.OH drop by drop with 
constant stirring. When the precipitate begins to form, stop the 
addition of NH,OH and stir until the precipitate becomes crystallin. 
When this change occurs add one more drop of ammonia; the addi- 
tional precipitate formed will be curdy, but a few seconds stirring will 
change it to the silky crystallin condition. Continue the addition 
of NH.OH in exactly the same manner until the precipitate is all 
down and further additions of NH.OH fail to change the silky appear- 
ance. Add a dozen drops of NH,OH in excess and cool the beaker 
in ice water. Filter the precipitate on an asbestos filter, wash with 
the cold NH,NO; solution until the filtrate gives no reaction for HCl. 
Dry, ignite and weigh as Mn2P.0, which contains 38.69 per cent 


manganese. 
NOTES. 


The Ford method is recommended only where extreme accuracy is desired, 
otherwise use the persulfate or bismuthate methods. 

If a cylinder of SO: is not available, hydrogen peroxide will serve equally well 
for the solution of the hydrated manganese dioxide. 
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DETERMINATION OF ZINC. 


(a) Samples containing up to 8 per cent of zinc. 


SOLUTIONS REQUIRED. 


Dilute Hydrochloric Acid (1 : 1).—Pour 500 cc. of HCl (sp. gr. 
1.20) into distilled water and dilute to 1000 cc. 

Acid Wash Water.—Pour 10 cc. of H2SOx (sp. gr. 1 8+) into 1000 ce. 
of distilled water and saturate with H2S. 

Formic Acid Mixture-—Treat 400 cc. of formic acid with 60 cc. 
of NH,OH (sp. gr. 0.90) and dilute to 2000 cc. 

Formic Acid Wash Water.—Pour 25 cc. of formic acid mixture 
into 1000 cc. of distilled water and saturate with HS. 

Dilute Hydrochloric Acid (1 : 10)—Pour 100 cc. of HCl (sp. gr. 
1.20) into distilled water and dilute to 1000 cc. 

Bromine Water.—See “‘Determination of Manganese, Nitric Acid 
and Potassium Chlorate Method.” 


METHOD. 


Dissolve 1 g. of the sample in a covered 400-cc. beaker in 25 cc. 
of dilute HCI (1 : 1), with the addition of 1 cc. of HNO; (sp. gr. 1.42) 
toward the end of the reaction. Boil to expel oxides of nitrogen and 
dilute to 200 cc. Precipitate the H.S group, filter and wash with acid 
wash water. Boil thoroughly to expel H.S, cool, and add 5 g. of citric 
acid crystals. Neutralize with NH.,OH, using methyl orange as an 
indicator and then add 25 cc. of the formic acid mixture. Dilute to 
300 cc., heat nearly to boiling and pass in H2S until the solution is 
cold. Filter and wash with the formic acid wash water. Dissolve the 
zinc sulfide off the filter with warm dilute HCl (1 : 10) and wash the 
filter with hot water. Boil the solution to expel H2S. Cool, add 1 g. 
of citric acid crystals, neutralize with NH,OH, using methyl orange 
as an indicator and then add 20 cc. of the formic acid mixture. Dilute 
to 200 cc. and proceed as before through the filtration on an ashless 
paper and washing of the sulfide. Dissolve the precipitate with hot 
dilute HCl, and transfer the solution to a weighed platinum or por- 
celain dish or crucible. Add a few drops of H»SO, (sp. gr. 1.84) and 
evaporate the solution until copious fumes escape. If the solution is 
not clear and colorless, cool, add a few cubic centimeters of HNOs 
(sp. gr. 1.42) and again evaporate the solution until fumes of H.SO, 
come off freely. Repeat the treatment with HNO; if necessary, until 
the organic matter is destroyed, and the solution is colorless. Remove 
the excess of H2SO, by heating the dish cautiously, and finally heat at 
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a temperature just below dull redness. Weigh as ZnSQu, which con- 
tains 40.49 per cent of zinc. 
NOTE. 


The use of a sodium hydroxide solution of the turnings is not recommended for 
the determination of zinc on account of uncertainty as to the completeness of the 
solution of the zinc in all cases. 


(b) Samples containing over 8 per cent of zinc. 


SOLUTIONS REQUIRED. 


Ferrous Sulfate Solution.—Dissolve 3 g. of FeSO,.7H,O in distilled 
water, add 10 cc. of HCl (sp. gr. 1.20) and dilute to 1000 cc. 

Ferrocyanide Solution—Dissolve 44 g. of K,sFeCN, and 0.3 
g. of KsFeCNeg in distilled water, dilute to 1000 cc. and age six weeks 
before standardization as follows: Dissolve 6 g. of zinc of known con- 
tent in 40 cc. of HCl (sp. gr. 1.20) in a 2-liter flask. Cool and make up 
to the mark. Take 100-cc. portions, add 20 cc. of HCl (1 : 1) and add 
13 cc. of NH.OH (sp. gr. 0.90) and proceed with the titration as 
directed below. : 

METHOD. 


Proceed as in the previous method until the first zinc sulfide 
precipitate has been obtained. Return the paper and precipitate to 
the original beaker and add 20 cc. of HCl (1:1). When the sulfide 
has dissolved, filter off the paper together with some sulfur and possibly 
a little nickel sulfide. Boil the solution containing the zinc to expel 
H2S, cool, and wash down. Add 13 cc. of NH,OH (sp. gr. 0.90) and 
if the solution is not alkaline, add NH.OH carefully until it is. Make 
the solution barely acid again with HCl (1 : 1) and add 3 cc. of HCl 
(sp. gr. 1.20) in excess. Add 1 cc. of FeSO, solution, dilute nearly to 
- 200 cc., heat almost to boiling and titrate with the K,FeCN, solution. 
The end point is a sharp change in the color of the solution from a 
turquoise blue to a ‘‘pea green”? and with several more drops to a 


“creamy yellow.” 
NOTE. 
The end point occurs a little sooner than the one with uranium nitrate, and is 
easier to use, as the change is seen directly in the solution. 


DETERMINATION OF SODIUM. 


SOLUTIONS REQUIRED. 


Dilute Nitric Acid (1 : 2).—Pour 250 cc. of HNO; (sp. gr. 1.42) 
into distilled water and dilute to 750 cc. 


1Method of F. G. Breyer, 8th International Congress of Applied Chemistry, 1, 162; see also 
“Analysis of Copper,” G. L. Heath, McGraw-Hill Book Co., pp. 250, 251. 
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Saturated Ammonium Carbonate Solution.—Small quantities made 
up as required. 


METHOD. 


Dissolve 5 g. of the sample in a porcelain dish in 100 cc. of dilute 
HNO; (1 : 2) by continued digestion at 50 to 60°C. When solution is 
complete, evaporate the solution to dryness and heat on a sand bath 
for several hours to complete decomposition of aluminum nitrate, but 
without melting any sodium nitrate formed. Cool the residue, take 
it up in boiling distilled water, filter and wash thoroughly. Treat 
the water extract with saturated (NH:)2CO; solution, heat to boiling 
and filter if a precipitate forms. Evaporate the clear filtrate in a 
weighed platinum dish, treat the residue with sufficient H,SO, to 
convert the nitrate to sulfate, continue the evaporation and finally 
heat at 300 to 400° C. to complete expulsion of H,SO,. Weigh as 
NazSO,. A blank should be carried through all operations and the 
proper correction applied. 


DETERMINATION OF NITROGEN. 


SOLUTIONS REQUIRED. 
Sodium Hydroxide Solution (10-per-cent).—Dissolve 100 g. of 


NaOH in distilled water, dilute to 1000 cc. and filter through asbestos — 


if the solution develops a sediment upon standing. 

Approximate N/10 Sulfuric Acid Solution.—Pour 2.8 cc. of 
H.SO, (sp. gr. 1.84) into 1000 cc. of distilled water and standardize 
by any standard method. 

Approximate N/10 Sodium Hydroxide Solution.—Dissolve 4.5 g. 
of NaOH in distilled water and dilute to 1000 cc. This solution 
should be standardized against the standard acid solution. 


METHOD. 


Place 3 to 4 g. of the sample in a Kjeldahl flask fitted with a two- 
hole stopper carrying a separatory funnel and a trap connected with 
a condenser as ina Kjeldahl determination of nitrogen. Add 400 cc. 
of the NaOH solution through the separatory funnel, and allow the 
generated gas to bubble through 50 cc. of N/10 sulfuric acid solution. 
When the reaction has ceased, boil the alkaline solution to expel all 
ammonia. Finally titrate the acid with N/10 sodium hydroxide in 
the usual manner and calculate nitrogen. 
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DETERMINATION OF ALUMINUM AND ALUMINUM OXIDE. 


SOLUTIONS REQUIRED. 


Sodium Hydroxide Solution (10-per-cent).—Dissolve 100 g. of 
NaOH in distilled water and dilute to 1000 cc. If a sediment forms 
on standing, decant the solution and filter through an asbestos pad. 

Sodium Carbonate Solution—Dissolve 36 g. of NazCO; in dis- 
tilled water, dilute to 1000 cc., and filter if necessary. 

Barium Chloride Solution—Dissolve 90 g. of BaCl.2H.O in 
distilled water, dilute to 1000 cc., and filter if necessary. 

Dilute Hydrochloric Acid.—Dilute 500 cc. of HCl (sp. gr. 1.20) 
with 500 cc. of water. 

Methyl Red Indicator.—Dissolve 0.02 g. of the acid in 100 cc. of 
distilled water. 

Ammonium Chloride Wash Rrra iyi ceatve 50 g. of NH.Cl 
in distilled water, make sure the solution is just alkaline to methyl 
red, dilute to 1000 cc. and filter if necessary. 

Dilute Nitric Acid (1 : 1)—Dilute 500 cc. of HNOs (sp. gr. 1.42) 
with 500 cc. of distilled water. 

Acid Wash Water.—Add 5 cc. of H2SO, (sp. gr. 1.84) to 500 cc. 
of water and saturate with H2S. 


PRELIMINARY TREATMENT. 


Place 2 g. of the sample in a suitable porcelain dish, add 60 cc. 
of the NaOH solution (10-per-cent), cover with a glass, and cool in 
water if the reaction proceeds too violently. When violent action 
ceases, wash the cover-glass and sides of the vessel, replace the glass 
and warm on a sand bath or steam-box until reaction ceases. These 
operations should be carried on expeditiously. Filter and wash the 
residue with hot NaOH solution (10-per-cent). Reserve the residue 
and treat the filtrate and washings as below. 

(a) Determination of Aluminum. 

Cool the filtrate and washings to room temperature, dilute to 
exactly 500 cc. and mix thoroughly. Transfer pipetted 50-cc. portions 
to 600-cc. beakers, add 10 cc. of HCI (sp.gr. 1. 20), place on water bath 
and evaporate to dryness. When dry, continue the heating for one 
hour more. Take up the residue in cold distilled water, transfer to a 
flask and add a mixture of 50 cc. of the NazCQ; solution and 50 cc. of 
the BaCl, solution. Shake thoroughly and allow to settle. Filter, 
wash with cold water, and then transfer the precipitate to the original 
flask by piercing the paper and washing down with boiling water, 
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finally with dilute HCl, adding enough to dissolve the precipitate 
and avoiding mechanical loss. Evaporate the solution to one-third 
volume, add a few drops of methyl red and then NH.OH (sp. gr. 0.90) 
until the indicator just turns yellow. Boil for three minutes, filter 
and wash with warm 5-per-cent NH.Cl solution. Bring the precipitate 
back into the beaker as before, dissolving all Al(OH); on the paper 
and evaporate the solution to dryness. Drench with a little HCl 
(sp. gr. 1.20) add hot water and warm until salts are in solution. 
Filter in case a residue is present, reprecipitate Al(OH); and wash as 
above. Place the wet paper and contents in a tared crucible (with 
cover and preferably of platinum), dry, ignite carefully in an oxidizing 
atmosphere and finally cover and blast strongly. Weigh as Al,O; 
and calculate aluminum. 
NOTES. 

This method is a modification of the method proposed by J. G. Rhodin, Faraday 
Society Trans., 14, (1914-19) pp. 135-7 and presupposes complete solubility of 
aluminum and insolubility of aluminum oxide in a 10-per-cent solution of NaOH. 

It is important that the ‘'50-cc.”’ pipette deliver exactly one-tenth of the 
“€500-cc.”” volume. 

Two precipitations with NH,OH are necessary to eliminate barium and the 
intervening evaporation to dryness is desirable in case silica is present. 


(b) Determination of Aluminum Oxide. 

See ‘Preliminary Separation.” : 

Transfer the residue insoluble in NaOH solution. (10-per-cent) 
to a small flask and treat the paper with hot dilute HNO; (1:1). 
When solution of the residue is complete, dilute to 100 cc., neutralize 
with NaOH solution (10-per-cent), add 3 cc. HCl (sp. gr. 1.20) ‘and 
treat with hydrogen sulfide. Filter, wash the sulfides with acid wash 
water and boil the filtrate and washings until H2S is expelled, using a 
few crystals of K2S.Og if sulfur separates. Pour the hot solution slowly 
and with stirring into 50 cc. of boiling hot NaOH solution (10-per- 
cent). Filter and wash with a little hot NaOH solution (10-per-cent). 

In case the precipitate is large, dissolve it and reprecipitate. 
Acidify the NaOH filtrate or filtrates with HCl (sp. gr. 1.20) and 
precipitate Al(OH); as described in (a) above. A second precipitation 
should be carried out in case the precipitate is large, and always in 
accurate work. Ignite, weigh as Al,O; and report as such. 


TENTATIVE SPECIFICATIONS AND TESTS 
FOR 


COMPRESSIVE STRENGTH OF PORTLAND-CEMENT 
MORTARS.! 


Serial Designation: C 9-16 T. 


This is a Tentative Standard only, published for the purpose of eliciting 
criticism and suggestions. It is not a Standard of the Society and until its 
adoption as Standard it is subject to revision. 


IssuED, 1916. 


SPECIFICATIONS. 


1. The average compressive strength in pounds per square 
inch of not less than three standard mortar test pieces (see 
Section 4) composed of one part cement and three parts stand- 
ard sand, by weight, shall be equal to or higher than the 
following: 


Age at Test, Storage of Test Pieces. Compressive Strength, 
ys. lb. per sq. in. 
7 1 day in moist air, 6 days in water,.... 0... cee eee e ee eees 1200 
28 1 day in moist air, 27 days in water.........ccccceccccccces 2000 


2. The average compressive strength of standard mortar at 
28 days shall be higher than the strength at 7 days. 


TESTS. 


3. The requirements governing the preparation of standard 
sand mortars for tension test pieces shall apply to compression 
test pieces’? 


1 Criticisms of these Tentative Specifications and Tests are solicited and should be directed 
to Mr. R. B. Young, Secretary of Committee C-1 on Cement, Hydro-Electric Power Com- 
mission of Ontario, 8 Strachan Ave., Toronto, Ontario, Canada. 

These specifications and tests, when adopted as standard, will be added to the present 
Standard Specifications and Tests for Portland Cement (Serial Designation: C 9-21), 1924 
Book of A.S.T.M. Standards. 

2See Standard Specifications and Tests for Portland Cement (Serial Designation: C 9), 
1924 Book of A.S.T.M. Standards. 
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4. A cylindrical test piece 2 in. in diameter and 4 in. in 
length is recommended for use in making compression tests of 
standards mortars. The molds shall be made of non-corroding 
metal. A satisfactory form of mold is shown in Fig. 1. The 
ends of the mold shall be parallel. ‘The tubing used in the 
molds shall be of sufficient thickness to prevent appreciable 
distortion. The molds shall be oiled before using. During the 
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Fic. 1.—Details for 2 by 4-in. Cylinder Form. or Steel Tamper. 


molding of the test piece, the mold shall rest on a clean, plane 

surface (preferably a piece of plate glass which is allowed to 
remain in place until the mold is removed). 

5. The mortar! shall be placed in the mold in layers about 

1 in. in thickness, each layer being tamped by means of the 

steel tamper shown in Fig. 2. The weight of tamper shall be 

1Tf sufficient mortar for six 2 by 4-in. cylinders is to be mixed in a single beteti: 


approximately 3000 g. of material will be required. In this case the mixing shall be 
continued for 14 minutes. 
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approximately # lb. In finishing the test piece, the mortar 
shall be heaped above the mold and smoothed off with a 
trowel. As soon as the test pieces from one sample are molded, 
the top of each test piece shall be covered with a piece of 
glass which is brought to a firm bearing on the fresh mortar. 
The cover glasses shall remain in place until the molds are 
removed. 

6. The compression test pieces shall be stored in the same 
manner as the tension test pieces. 

7. Tests of standard-mortar cylinders shall be made in 
any testing machine which is adapted to meet the specified 
requirements. ‘The test pieces shall be tested as soon as 
removed from the water. The ends of the test cylinders shall 
be smooth, plane surfaces. The metal bearing plates of the 
testing machine shall be placed in direct contact with the 
ends of the test piece. During the test a spherical bearing 
block shall be used on top of the cylinder. In order to 
secure a uniform distribution of the load over the test cylinder 
the spherical bearing block must be accurately centered. The 
diameter of the spherical bearing block should be only a little 
greater than that of the test piece. The test piece shall be 
loaded continuously to failure. The moving head of the test- 
ing machine shall travel at the rate of not less than 0.05 or 
more than 0.10 in. per minute. 

8. Testing machines should be frequently calibrated in 
order to determine their accuracy. 

9. Cylinders that are manifestly faulty, or which give 
strengths differing more than 15 per cent from the average value 
of all test pieces tested at the same period and made from the 
same sample, shall not be considered in determining the com- 
pressive strength. 


Storage. 


Testing. 


Calibration. 


Faulty 
Cylinders. 


TENTATIVE SPECIFICATIONS 
FOR 


REQUIRED SAFE CRUSHING STRENGTHS OF SEWER 
PIPE TO CARRY LOADS FROM DITCH FILLING.! 


Serial Designation: C 15-17 T. 


This is a Tentative Standard only, published for the purpose of eliciting 
criticism and suggestions. It is not a Standard of the Society and until its 
adoption as Standard it is subject to revision. 


ISSUED, 1917. 


The following table gives required safe crushing strengths 
per linear foot of pipe, to carry loads from ditch filling materials 
only when pipe is laid in accordance with the Recommended 
Practice for Laying Sewer Pipe (Serial Designation: C 12) of 
the American Society for Testing Materials,? for sand and for 
thoroughly wet clay ditch filling materials. In the preparation 
of this table a safety factor of 14 has been used, which has 
been found necessary to prevent cracking from the loads of 
ditch filling’ 

Ordinary Pipe Laying is pipe laying in accordance with 
customary good practice in pipe-sewer construction, whereby 
the under side of the pipe is well bedded on soil for 60 to 90 deg. 
of the circumference. 

First Class Pipe Laying is pipe laying in accordance with 
the best customary practice in pipe-sewer construction, whereby 
the entire under side of the pipe is very thoroughly bedded on 
soil and the entire pipe is surrounded by well-compacted soil, 


1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. 
E. S. Rankin, Secretary of Committee C-4 on Clay and Cement-Concrete Sewer Pipe, Bureau 
of Sewers, City Hall, Newark, N. J., 

21924 Book of A.S.T.M. Standards. 

8 Prepared from the Standard Specifications for Drain Tile (C 4), 1924 Book of 
A.S.T.M. Standards, 
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under the direction of an inspector constantly present on the 


work. 


SAFE CRUSHING STRENGTHS OF SEWER PIPE TO CARRY LOADS FROM Di1TCH 
FILLING FOR ORDINARY SAND AND FOR THOROUGHLY WERT CLAY 

DitcH FILLING MATERIALS. 

(For ORDINARY Pipg-LAyING Megruops.) 


SrasneTus in Pounns yma Lingar Foor, 


Breadth of Ditch a Little Below Top of Pipe. 


Height of Fill 1 ft. 2 ft. 3 ft. 4 ft. 5 ft. 
above Top of ; : 
es Filka Ditch Filling Ditch Filling | Ditch Filling Ditch Filling 
4 Material. Material. Material. Material. Material. 
Sand. | Clay. | Sand. Clay. Sand. Clay. Sand. Clay. | Sand. Clay 

Diiie wsee evs 265 280 615 635 970 990 1 380 1350 1 690 1710 

Bese Ae 400 450 1055 1 125 1745 1 825 2 455 2 535 8 165 8 250 

Gdcot nodes 470 545 1370 1500 2 370 2 625 3 405 8 575 4 460 4 640 

BeOS bees 505 605 1 600 1790 2 875 3 115 4215 4 405 5 595 5 890 
LOWY .2 aeons 625 640 1 765 2015 3 275 3 610 4 900 5 205 6 590 7 020 
Asesinas Sd 535 660 1 880 2 185 3 600 4 030 5 485 6 000 7 460 8 085 
Gr pedts, dat ete 540 675 1 965 2 320 3 855 4 380 5 975 6 620 8 225 8 950 
Dire ote cia. 0x5 545 680 2 025 2 425 4 065 4 675 6 395 7 165 8 890 9 775 
ES Res tins cu.: 545 685 2 070 2 505 4 230 4920 6 750 7 630 9480 | 10520 
MO tetera hs slave 545 690 2 100 2 565 4365 5 130 7 050 8 060 9995 | 11190 
7 aes ee 545 690 2125 2 610 4 470 § 305 7 305 8425 | 10445 | 11795 
7 te oe Geese 045 690 2 140 2 645 4 560 5 455 7 525 8750 | 10840 | 12840 
SA. 2 ds ee 645 690 2 150 2 675 4 630 5 575 7 705 9035 | 11185 | 12 880 
» pie ere 545 690 2 160 2 695 4 685 5 680 7 860 9 280 | 11490 | 13 270 
Se eee 545 690 2 165 2715 4725 5 765 7 090 9500 | 11755 | 18 670 
Very great 545 690 2 180 2770 4910 6 230 8 725 11075 | 13635 | 173806 


When pipe are laid in a Concrete or other Permanent Masonry 
Cradle, strong enough to carry the entire load to the sub-base 
without breaking and large enough to prevent material settle- 
ment, the standard strengths for all dimensions of ditches and 
all filling materials shall be those specified for standard sewer pipe. 


TENTATIVE SPECIFICATIONS 
FOR 
QUICKLIME FOR STRUCTURAL PURPOSES! 


Serial Designation: C 5-24 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. Itisnota Standard of the Society and is subject to annual revision. 


ISSUED, 1921; REVISED, 1922, 1924 


I. REQUIREMENTS 


Require- 1. The quicklime shall conform to the following requirements 
Sra as to chemical composition, calculated to the non-volatile basis: 


CaALcIuM MAGNESIUM 


LIME LIME 
Calciumioxide; minimum) per-centy. 5, 0 Wea. o. Pees 75 es 
Magnesium oxide, minimum, per cent............... “at 20 
Calcium and magnesium oxides, minimum, per cent.. 95 95 
Silica, alumina, and oxide of iron, maximum, per cent 5 5 
Carbon dioxide, maximum, per cent 
(a), If sample jis taken lat theyiiin eg wate 3 3 
(b) If sample is taken at any other place.......... 10 10 
Percentage of 2. When tested in accordance with the method described in 
, Residue. section 4, quicklime shall contain not more than 15 per cent by weight 
of residue. 
i II. METHODS OF TEST 
Chemical 3. The chemical analysis of the lime shall be made in accordance 
Tai with the Tentative Methods of Chemical Analysis of Limestone, 
: Quicklime and Hydrated Lime (Serial Designation: C 25-25 T) of 
the American Society for Testing Materials.” 
Percentage of 4, An average 23-kg. (5-lb.) sample shall be put in a box of wood 
Residue. or of some material of similarly low thermal conductivity and slaked 


V 


by an experienced operator with sufficient water at 70 to 80° F. 


41 These Tentative Specifications are in effect a revision of the Standard Specifications for Quick 
lime. The Standard Specifications, which were last published under the Serial Designation: C 5-15, 
have accordingly been withdrawn. 

Criticisms of these Tentative Specifications are solicited and should be directed to Mr. R. P. 
Brown, Secretary of Committee C-7 on Lime, National Lime Association, 918 G St., N. W., Wash- 
ington, D. C. 

2See p. 233. 
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(21 to 27° C.) to produce the maximum quantity of lime putty, care 
being’ taken to avoid ‘‘burning”’ or ‘‘drowning”’ the lime. It shall 
be allowed to stand for 1 hour and then washed through a No. 20 
sieve by a stream of water having a moderate pressure. No material 
shall be rubbed through the sieve. ‘The washing shall be continued 
until the residue on the screen appears to consist wholly of coarse 
particles, but in no case shall washing be continued more than 30 
minutes. The residue shall be dried to constant weight at a tem- 
perature of 212 to 225° F. (100 to 107° C.). The sample of lump lime 
taken for this test shall be broken so as to all pass a 1-in. ring and 
be retained on a +-in. sieve. Pulverized lime shall be tested as 
received. 


III. SAMPLING, RETESTING, PACKING AND MARKING 


5. The sampling, retesting, packing and marking shall be con- 
ducted in accordance with the Tentative Methods of Sampling, 
Inspection, Packing and Marking of Quicklime and Lime Products 
(Serial Designation: C 50-24 T) of the American Society for Test- 
ing Materials.! 


APPENDIX 


Quicklime can never be used as such for structural purposes; it must 
always be slaked first. Since the method of slaking is an important factor in 
determining the quality of the finished product, the following directions are 
given, not as a part of the specifications, but as information for the further 
protection of the purchaser. 


PREPARATION OF LIME PutTTy 


1. (a) Introduction.—Different kinds of lime vary considerably in the way 
in which they behave with water. A little supervision over the operation of 
slaking will amply pay for itself by insuring the production of the greatest 
possible quantity and the best possible quality of putty. To find out how to 
slake a new lot of lime, it is safest to try a little of it and see how it works. 
Since different lots of the same brand of lime vary somewhat, and since the 
weather conditions at the time have a decided influence, it is wise to try a sample 
from each lot used, whether familiar with the brand or not. 

(b) Classification of Limes——In a bucket, put two or three lumps of lime 
about the size of one’s fist, or, in the case of granular lime, an equivalent amount. 
Add enough water to just barely cover the lime, and note how long it takes 
for slaking to begin. Slaking has begun when pieces split off from the lumps 
or when the lumps crumble. Water of-the same temperature should be used 
for test and field practice. 

If slaking begins in less than five minutes, the lime is quick slaking; from 
five to thirty minutes, medium slaking; over thirty minutes, slow slaking. 


1See p. 246. 
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(c) Directions for Slaking.—For quick-slaking lime, always add the lime 
to the water, not the water to the lime. Have enough water at first to cover 
all the lime completely. Have a plentiful supply of water available for imme- 
diate use—a hose throwing a good stream, if possible. Watch the lime con- 
stantly. At the slightest appearance of escaping steam, hoe thoroughly and 
quickly, and add enough water to stop the steaming. Do not be afraid of 
using too much water with this kind of lime. 

For medium-slaking lime, add the water to the lime. Add enough water 
so that the lime is about half submerged. Hoe occasionally if steam starts to 
escape. Adda little water now and then if necessary to prevent the putty from 
becoming dry and crumbly. Be careful not to add any more water than 
required, and not too much at a time. 

For slow-slaking lime, add enough water to the lime to moisten it thor- 
oughly. Let it stand until the reaction has started. Cautiously add more 
water, a little at a time, taking care that the mass is not cooled by the fresh 
water. Do nct hoe until the slaking is practically complete. If the weather 
is very cold, it is preferable to use hot water, but if this is not available, the 
mortar box may be covered in some way to keep the heat in. 

2. (a) White Coat.—After the action has ceased, run off the putty through 
a No. 10 sieve and store for a minimum of two weeks. 

(b) Base Coats.—After the action has ceased, run off the putty through a 
No. 8 sieve. Add sand up to equal parts by weight, all of the hair required, 
and store for a minimum of two weeks. 

(c) Masons’ Mortar.—After the action has ceased, add part or all-of the 
sand required, and store for a minimum of 24 hours. 


TENTATIVE SPECIFICATIONS 
FOR — 


QUICKLIME FOR USE IN THE MANUFACTURE OF 
SULFITE PULP! 


Serial Designation: C 46-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. 


ISSUED, 1922; REVISED, 1924, 1925. 


1. Lime is used in the ‘Milk of Lime” or “Tank System” of 
sulfite pulp manufacture for making the cooking liquor. The milk 
of lime is held in solution or suspension in a series of tanks equipped 
with suitable agitators. The sulfur dioxide is forced or drawn through 
these tanks successively. In some cases, the tanks are built on top of 
each other in the form of a tower. ‘The contents of the first tank are 
drawn off when the liquor has reached a certain strength (3.5 to 6 per 
cent total SO.) and the contents of the second and third tanks progress 
to the first and second tanks respectively. The third tank is again 
charged with fresh milk of lime. There are other systems of absorption 
which provide for continuous instead of intermittent operation. The 
function of the lime is to furnish the base for the formation of the 
bisulfites of calcium and magnesium. 


I.. REQUIREMENTS, 


2. (a) Either calcium or magnesium lime may be used, but 
owing to the greater solubility and reactivity of magnesium bisulfite, 
high magnesium lime gives the best results. The ratio of MgO to 
CaO shall be reasonably constant and the lime shall be moderately 
free from impurities. 

(b) The quicklime shall conform to the following requirements 

1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. R. P. 


Brown, Secretary of Committee C-7 on Lime, National Lime Association, 918 G St., N. W., Wash- 
ington, D. C. 
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as to chemical composition, all percentages to be based on the weight 
of the sample taken at the point of manufacture:! 


CaLciIuM LIME MAGNESIUM LIME 
Maximum Minimum Maximum MINIMUM 
Calcittm oxide;' percent... o.5a tea sees Re a 92.5 sees 55.4 
Magnesium oxide, per cent.......... 279 ae ah dae 39.6. 
Oxides of silicon, iron and aluminum, 
PET CENT, oa as vaio aie ae eae tite relate eG 3.0 pales 3.0 


II. METHODS OF TEST. 


3. The chemical analysis of the lime shall be made in accordance 
with the Tentative Methods of Chemical Analysis of Limestone, Quick- 
lime and Hydrated Lime (Serial Designation: C 25-25 T) of the 
American Society for Testing Materials.’ 


III. SAMPLING, INSPECTION, REJECTION, ETC. 


The sampling, inspection, rejection, retesting, packing and mark- 
ing shall be conducted in accordance with the Tentative Methods of 
Sampling, Inspection, Packing and Marking of Quicklime and Lime 
Products (Serial Designation: C 50-24 T) of the American Society 
for Testing Materials.’ 

1If it is desired to use the non-volatile basis the figures given above should be changed to the 
following: 


CALCIUM LIME MAGNESIUM LIME 
Maximum MINIMUM MaximumM MINIMUM 


Calciumioxide, per Cent i ixa tia sit eden tale fs sraitleraeiannia oes 5 aE 94.3 seen 56.5 

Magnesimi oxide, percents, -ainccleecnilaet estas leiiec ae 2.6 5 fess ee 40.4 

Oxides of silicon, iron and aluminum, per cent.......... Sie TAL Sel ee39 
2See p. 233. 


3 See p. 246. 


TENTATIVE SPECIFICATIONS 
FOR 
HYDRATED LIME 
FOR THE MANUFACTURE OF VARNISH! 


Serial Designation: C 47-22 T. 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. 


ISSUED, 1922. 


1. Hydrated lime is used in the manufacture of oleo-resinous 
varnishes to harden and partially neutralize the rosin. About 8 lb. 
of hydrated lime are gradually added to 100 lb. of the melted rosin, and 
heated for a short period. 


I. REQUIREMENTS. 


2. (a) The hydrated lime shall be of such a color that no pro- 
nounced darkening of the finished varnish will result. It shall be of 
such a texture and of such a fineness that all portions of it will rapidly 
come into intimate contact with the resins so as to enter into the 
chemical reactions with rapidity. 

(b) The lime shall be completely hydrated? since a high degree of 
hydration is important. 

(c) Fineness——Not more than 10 per cent of the hydrated lime 
shall be retained on a No. 230 sieve. 

(d) Reactivity.—The hydrated lime shall conform to the require- 
ments of the tung-oil heat test as indicated in Section 5. 

(e) The hydrated lime shall conform to the following require- 
ments as to chemical composition, calculated to the non-volatile basis: 


Seaicium oxide (CaO); minimums. al. Sess Hie. eee 94.0 per cent 
Magnesium oxide (MgO), maximum................. 3.0 ff 
Iron oxide, alumina oxide and insoluble matter, maxi- 

PREM ahs Gece LNG Eola pucrater eats’ ctahe 5 hick tan SEE y emia 9 9 3.0 % 
par oxide: (reaOs),! MARUNUNT ose his bie «0k «shale ole oie Eble 0.4 ig 
Carbon dioxide (CO2), maximum: 

(a) If sample is taken at place of manufacture.... 3.0 ‘ 

(b) If sample is taken at other than place of manu- 

ACAOUOTOUNG NeatremCL eT feata sc cee cas 5.0 - 


II. METHODS OF TEST. 


3. The chemical analysis of the lime shall be made in accordance 
with the Tentative Methods of Chemical Analysis of Limestone, Quick- 


1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. R. P. 
Brown, Secretary of Committee C-7 on Lime, National Lime Association, 918 G St., N. W., Wash- 
ington, D. C. 

2A very high calcium lime is preferred. It is especially important that the iron content be low 
in order to avoid undesirable color effects. ; 
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lime and Hydrated Lime (Serial Designation: C 25-25 T) of the 
American Society for Testing Materials.! 

4. One hundred grams of the sample as received shall be placed 
on a No. 230 sieve. The material shall be washed by means of a 
stream of water from a faucet (Note 1). Washing shall be continued 
until the water coming through the sieve is clear. ‘The residue upon 
the No. 230 sieve shall be dried to constant weight in an atmosphere 
free from CO, in a drying oven whose temperature is maintained 
between 100 and 120° C. (212 and 248° F.). The weight of this resi- 
due shall be calculated as percentage of the original sample. 

Note 1.—A small piece of rubber tubing attached to a water faucet will be 
found convenient. The velocity of the stream of water may be increased by pinch- 
ing the tube, but the velocity should not be sufficient to cause any danger of splashing 
the sample over the sides of the sieve. 

5. Fifty grams of raw tung oil® shall be placed in a 100-cc. beaker 
and 1 g. of hydrated lime stirred in. A cloudy mass will result. Heat 
shall then be applied. High-quality hydrated lime will usually start 
to react at approximately 80° C. (176° F.), small bubbles rising to the 
surface. As heating is continued, large flakes of lime tungate will form 
and rise to the surface to form a thick white scum and the oil below will 
gradually become fairly clear. These changes will usually be com- 
pleted when a temperature of 120° C. (248° F.) is reached. The 
heating shall be continued until the mass reaches a temperature of 
140° C. (284°,F.). It shall then be allowed to cool and the formation 
of the thick scum on the surface noted which will, when freed of air, 
gradually drop to the bottom of the beaker. This scum consists of 
tung oil soaps of lime which are quite insoluble in the oil. Addition of 
rosin will readily effect solution of these soaps. 

A poor grade of lime will fail to react, the absence of bubbles or 
flakes of lime tungate being noticeable. The oil will remain quiescent 


and cloudy. Only small amounts of soaps will form on the surface. 


III. SAMPLING, INSPECTION, REJECTION, ETC. 

6. The sampling, inspection, rejection, retesting, packing and 
marking shall be conducted in accordance with the Tentative Methods 
of Sampling, Inspection, Packing and Marking of Quicklime and Lime 
Products (Serial Designation: C 50-24 T) of the American Society — 


for Testing Materials.‘ 


1See p. 233. 

2 For detailed specifications for these sieves, see U. S. Bureau of Standards Letter Circular No. 74. 

8’ Tung oil for this test should conform to the requirements of the Tentative Specifications for 
Raw Tung Oil (Serial Designation: D 12-25 T) of the American Society for Testing Materials. See 
p. 266. 

4 See p. 246. 


TENTATIVE SPECIFICATIONS 
FOR 
QUICKLIME FOR USE IN WATER TREATMENT! 


Serial Designation: C 53-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to annual revision. 


IssUED, 1924; REVISED, 1925. 


1. (a) In the treatment of water for public supplies, lime is used 
alone or with iron sulfate or aluminum sulfate to produce a precipitate 
which assists in the clarification of the water and in the removal of 
the bacteria by filtration. An excess of lime is sometimes used to 
remove part of the hardness of the water. 

(b) Lime and soda ash are used together for softening water. 

(c) The lime serves as a chemical reagent in water treatment. 
The only useful constituent of the lime is the calcium oxide capable 
of reacting with the other chemicals which are in the water or which 
are added to it. Inert material, besides reducing the value in pro- 
portion to its amount, also makes more sludge to be disposed of for a 
given amount of chemical action and thus reduces the capacity of 
the equipment in which it is used. 


I. REQUIREMENTS 


2. (a) The lime shall be substantially free of core, ash, and dirt, 
and shall be capable of disintegrating, in water, into a suspension of 
finely divided material. 

(b) The standard quicklime for use in water treatment shall 
contain 90 per cent of available lime. All percentages enumerated 
herein are based on the sample taken at the point of manufacture. 


II. METHODS OF TEST 


3. The chemical analysis for available lime shall be made in 
accordance with the Tentative Methods of Chemical Analysis of 


1Criticisms of these Tentative Specifications are solicited and should be directed to Mr. R. P. 
Brown, Secretary of Committee C-7 on Lime, National Lime Association, 918 G St., N. W., Washing- 
ton, D. C. 
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Limestone, Quicklime and Hydrated Lime (Serial Designation: C 
25-25 T) of the American Society for Testing Materials. 


III. SAMPLING, INSPECTION, REJECTION, ETC. 


Saale 4. The sampling, inspection, rejection, retesting, packing and 
Biicction: marking shall be conducted in accordance with the Tentative Methods 
etc. of Sampling, Inspection, Packing and Marking of Quicklime and Lime 


Products (Serial Designation: C 50-24 T) of the American Society 
for Testing Materials.” | 


1See p. 233. 
2 See p. 246. 


TENTATIVE SPECIFICATIONS 
FOR 
HYDRATED LIME FOR USE IN WATER TREATMENT! 


Serial Designation: C 54-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is nota Standard of the Society and is subject to annual revision. 


IssuED, 1924; REVISED, 1925. 


1. (a) In the treatment of water for public supplies, lime is used 
alone or with iron sulfate or aluminum sulfate to produce a precipitate 
which assists in the clarification of the water and in the removal of 
bacteria by filtration. An excess of lime is sometimes used to remove 
part of the hardness of the water. 

(b) Lime and soda ash are used for softening water. 

(c) Hydrated lime serves as a chemical reagent in water treat- 
ment. ‘The only useful constituent of the hydrated lime is the cal- 
cium hydroxide capable of reacting with the other chemicals which 
are in the water or which are added to it. Inert material, besides 
reducing the value in proportion to its amount, also makes more 
sludge to be disposed of for a given amount of chemical action and 
thus reduces the capacity of the equipment in which it is used. 


I. REQUIREMENTS 


2. The standard hydrated lime for use in water treatment shall 
contain 90 per cent of available calcium hydroxide (equivalent to 
68.1 per cent of calcium oxide). All percentages enumerated herein 
are based on the sample taken at the point of manufacture. 


II. METHODS OF TEST 


3. The chemical test for available lime shall be made in accord- 
ance with the Tentative Methods of Chemical Analysis of Limestone, 
1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. R. P. 


Brown, Secretary of Committee C-7 on Lime, National Lime Association, 918 G St., N. W., Washing- 
ton, D, C, 
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Quicklime and Hydrated Lime (Serial Designation: C 25 — 25 T) of 
the American Society for Testing Materials.} 


III. SAMPLING, INSPECTION, REJECTION, ETC. 


Sampling, 4. The sampling, inspection, rejection, retesting, packing and 

Beatin marking shall be conducted in accordance with the Tentative Methods 

etc. of Sampling, Inspection, Packing and Marking of Quicklime and Lime 
Products (Serial Designation C 50 — 24 T) of the American Society 
for Testing Materials.” 


1See p. 233. 
2 See p. 246. 


TENTATIVE SPECIFICATIONS 
FOR 
CONCRETE AGGREGATES! 
Serial Designation: C 33-23 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to revision. 


ISSUED, 1921; REVISED, 1923. 


FINE AGGREGATE 


1. Fine aggregate shall consist of sand, stone screenings, or other Fine 


inert materials with similar characteristics, or a combination thereof, 
having clean, hard, strong, durable, uncoated grains, free from injurious 
amounts of dust, lumps, soft or flaky particles, shale, alkali, organic 
matter, loam or other deleterious substances. 

2. Fine aggregate shall preferably be graded from fine to coarse, 
with the coarser particles predominating, within the following limits: 


Baste cnet OVC cr ne aoe ee shine pe ges Fane ee 100 per cent 
PassiigeNor4 Sievesy, Poem one here wn eden bans 85 a 
ascivarnolsO sieve 7{. timer. wes b. 8 not more than 30 _ 
Weight removed by decantation test...... not morethan 3 +; 


The sieves shall conform to the requirements specified in the 
Standard Method of Test for Sieve Analysis of Aggregates for Con- 
crete (Serial Designation: C 41) of the American Society for Testing 
Materials.? 

3. The fine aggregate shall be tested in combination with the 
coarse aggregate and the cement with which it is to be used and in 
the proportions, including water, in which they are to be used on the 
work, in accordance with the requirements specified in Section 6. In 
case the test provided in Section 6 shows the strengths specified 
therein, the fine aggregate shall be considered acceptable. 

4, With the approval and consent of the engineer, the following 
requirements may be substituted: 

1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. J. C. 
Pearson, Secretary of Committee C-9 on Concrete and Concrete Aggregates, Lehigh Portland Cement 


Co., Allentown, Pa. 
31924 Book of A.S.T.M. Standards. 
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(az) Mortar briquettes, cylinders or prisms, consisting of one 
part by weight of portland cement and three parts by weight! of fine 
aggregate, mixed and tested in accordance with the methods described 
in the Standard Specifications and Tests for Portland Cement (Serial 
Designation: C 9) of the American Society for Testing Materials? 
for tension tests and in accordance with the Tentative Specifications 
and Tests for Compressive Strength of Portland-Cement Mortars 
(Serial Designation: C 9-16 T) of the American Society for Testing 
Materials’ for compression tests shall show a tensile or compressive 
strength at the age of 7 and 28 days not less than that of 1: 3 standard 
Ottawa sand mortar of the same consistency made with the same cement. 

NotTE.—In testing aggregates, care should be exercised to avoid the removal 
of any coating on the grains which may affect the strength; bank sand should not 
be dried before being made into mortar, but should contain natural moisture. The 


percentage of moisture may be determined upon a separate sample and the weight 
of the sand used in the test corrected for the moisture content. 


(b) Upon failure to meet this requirement, the proportion of 
cement in the concrete mixture shall be increased or the proportions 
of cement, fine aggregate, coarse aggregate and water changed in 
such a way as to produce the strength specified in Section 6. 

5. No fine aggregate showing a color darker than the standard © 
color when tested in accordance with the Standard Method of Test 
for Organic Impurities in Sands for Concrete (Serial Designation: 
C 40) of the American Society for Testing Materials? shall be used 
unless the strength requirement of Sections 4 or 6 is fulfilled. 

6. The grade of concrete required with its compressive strength 
in pounds per square inch shall be specified by the engineer. ‘The 
concrete materials, including cement, fine aggregate, coarse aggregate 
and water, mixed in the proportions in which they are to be used in 
the work, and tested in accordance with the standard methods of test, 
shall at 28 days develop a strength of not less than that specified for 
the grade of concrete required. Upon failure to meet this require- 
ment, the proportion of cement in the concrete mix shall be increased 
or the proportions of cement, fine aggregate, coarse aggregate and 
water shall be changed in such a way as to produce the specified 
strength. 

COARSE AGGREGATE 


7. Coarse aggregate shall consist of crushed stone, gravel, air- 
cooled blast-furnace slag, or other approved inert materials with 


1 When approved by the engineer, these proportions may be by volume, assuming 1 cu. ft. of 
cement to weigh 94 Ib. 

21924 Book of A.§.T.M. Standards. 

See p. 193. 
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similar characteristics, or a combination thereof, having clean, hard, 
strong, durable, uncoated pieces free from injurious amounts of soft, 
friable, thin, elongated or laminated pieces, alkali, organic or other 
deleterious matter. , 

8. In the case of blast-furnace slag, the weight per cubic foot 
shall not be less than 65 lb. per cu. ft. for use in concrete structures 
not subject to abrasion, and not less than 70 Ib. per cu. ft. for use in 
concrete floor or road construction. 

9. (a) Coarse aggregate shall be well graded from fine to coarse 
within the following limits:! 


Passing .... in. sieve (maximum size).............- 95 per cent 
Passing .... in. sieve (intermediate size)........ -.-. to .... per cent 


Not more than 15 per cent shall pass the No. 4 sieve; not more 
than 5 per cent shall pass the No. 8 sieve. 

(b) The maximum size of coarse aggregate shall be either desig- 
nated by the engineer or indicated on the plans. 

Note.—The grading as above specified is intended to secure uniformity of 


aggregate, but will be governed by local conditions. The following table indicates 
desirable gradings, in percentes, for coarse aggregate for certain maximum sizes: 


: : Per Cent | Per Cent 
Maximum Size of Square Openings, in. Passing | Passing 


Aggregate, mee aie Ca eee Pee cee Ss Nod No. 8 
in. Sieve, not | Sieve, not 


3 | 24 | 2 | 1} | 1 | 2 | 4 more than |more than 
SOEs ts. coe 95 ay ¢3 40-75 Ae Me 15 5 
ramet ee. eis y 95 3 ie e fi A 15 5 
4 ee “ t 95 a 40-75 f' a 15 5 
Seen Ss... ce a 95 es 40-75 is 15 5 
4, Seo ee Kh Bi y i 95 ks: 40-75 15 5 
Bo. a3 i i - ye a3 95 ae 15 5 


1 When there are several suitable aggregates available, a thorough investigation of the relative 
economy of each for producing concrete of the desired strength is advisable, especially for work of 
considerable magnitude. 
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TENTATIVE SPECIFICATIONS 
FOR 
CONCRETE BUILDING BRICK! 
Serial Designation: C 55-24 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to annual revision. 


ISSUED, 1924. 


I. DEFINITION 


1. Concrete Brick.—For the purpose of these specifications, brick 
made of portland-cement concrete. 


II. STANDARD SIZE 

2. The standard size of concrete building brick shall be 2+ by 33 

by 8 in. 
III. SAMPLING 

3. For the purpose of test, bricks shall be selected by an expe- 
rienced person so as to represent the commercial product. All bricks 
shall be carefully examined and their condition noted before being 
subjected to any kind of test. For the purpose of the tests, fifteen 
bricks will be required;. they shall be thoroughly dried to constant 
weight in a suitable oven at a temperature of from 225 to 250° F. 
(107 to 121° C.). 

IV. PHYSICAL TESTS 

4. (a) At least five dry bricks shall be weighed and completely 
submerged in water at a temperature between 60 and 80° F. (15 and 
27° C.). The water shall be heated to boiling within one hour, boiled 
continuously for five hours and then allowed to cool to a temperature 
between 60 and 80° F. (15 and 27° C.). The bricks shall then be 
removed, the surface water wiped off with a damp cloth and the bricks 
quickly weighed. 

(b) The percentage of absorption shall be calculated on the dry 
weight from the formula: 
100 (B—A) C 

A 125 


3 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. W. E. 
Emley, Secretary of Committee C-3 on Brick, U. S. Bureau of Standards, Washington, D. C. 
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Percentage of Absorption = 
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where A = the weight of the dry brick, B = the weight of the satu- 
rated brick, andC = the weight of the dry brick in pounds per cubic 
foot. | 


COLy se paghel } 
NotE.—The factor Gr is introducted to correct for variations in the weight per 


cubic foot of the concrete of which the brick is made. 


5. (a) Compression tests shall be made on at least five whole Compression 
bricks, previously dried. The specimens shall be tested flat. To Tests 
secure a uniform bearing in the testing machine, the flat surfaces 

shall be bedded in a thin coat of calcined gypsum (plaster of Paris), 


wl sn 7 
fw /4 See ee eae Cea eae < Aaa 
Side Elevation. End View. 


Fic. 1. 


or in a mixture of calcined gypsum and portland cement, spread upon 
plate glass previously coated with a thin film of oil. Before applying 
the plaster, the bearing surfaces of the brick shall receive a coating of 
shellac. The brick shall be pressed firmly upon the surface, making 
the layer as thin as possible, and shall be permitted to remain undis- 
turbed until set. The depressions of recessed or paneled bricks shall 
be filled with neat portland-cement mortar, which shall stand at least 
24 hours before testing. 

(b) The machine used for the compression tests shall be equipped 
with a spherical bearing block kept thoroughly lubricated to insure 
accurate adjustment, which should be made by hand under a small 


Transverse 
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initial load. The spherical bearing block shall be used on top of the 
specimen. During the test, the beam of the testing machine shall 
be kept constantly in a floating position. 

(c) The breaking load shall be divided by the area in compression 
and the results reported in pounds per square inch. 

6. (a) At least five bricks, previously dried, shall be tested, laid 
flat-wise on knife edges with a span of 7 in. and with the load applied 
at midspan. Steel bearing plates, 4 in. in thickness by 14 in. in width, 
shall be placed between the knife edges and the brick. The upper 
edges of the knife edges shall be straight and have full contact with 
the j-in. bearing plates. They shall have a length at least equal to 
the width of the brick to be tested. Their bases shall be so curved 
or rounded as to permit free movement of the upper edges both longi- 
tudinally and transversely. The use of knife edges of the type shown 
in Fig. 1 is recommended, although other types may be used which 
will provide free movement at the ends and at the same time insure 
full and even bearing at all times during the test. 

(b) The modulus of rupture shall be calculated in pounds per 
square inch from the formula: 

R=? Wi 
2 bd? 


in which / = the distance between the supports in inches, b = the 
breadth and d = the depth of the brick in inches, and W = the load 
in pounds at which the brick failed. 

7. In recording the results of the tests the type of brick shall be 
defined, whether dry pressed, or wet mixed. It is recommended that 
the data obtained be recorded as indicated on the accompanying 
‘Laboratory Record.” 


V. TEST REQUIREMENTS 
8. (a) When sampled at the plant, the age of concrete bricks 
when tested shall be not less than 28 days nor more than 60 days. 
Tests may be made on the brick delivered on the job. 
(b) The bricks shall meet the following physical requirements: 


Absorption Limits, Compressive Strength (flat), Modulus of Rupture, 
per cent Ib. per sq. in. Ib. per sq. in. 


Kind of Brick 
Mean of | Individual | Meanof | Individual | Meanof | Individual 
5 Tests, | Maximum | 5 Tests, | Minimum 5 Tests, | Minimum 
Maximum Minimum Minimum 
Wane tricks os... ok cue ak ee 10 12 1500 1000 300 250 


Common brick............. 12 15 1500 1000 300 250 
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LABORATORY RECORD 


PEERMIGNGINEERING LABORATORY) OF}... soe: ci.nis--ningecc-ccecesdeccpcdee-nlsaceascesepiniesath ostecee Figs Bi bk 
STS a ee aM SE aa 2 8 aR RE OVS NS a SP POR PRE OE eer wesc ihe 
PRC IR ERS RPS). 11.0 The Ree ee DOOR AT Mts te ee RM eg A Boe Ane 

| EEOC nie ES RRS eo BF Dates welnchiaie luni Cie etek, a, Oa 
oo EE I eS CR ID SN Clase te Sil Vir 0 en ae ea i 
UE ALOE OTR DTIC S 2 re) Ca cere AM ri oh tra teurysseietpelitecbongaddbcvinbeduhiadawtckives (ust cyeakcesdieds boss 


ABSORPTION TEST 


Weight Absorption, per cent 
Sample | ——AA a  ——_|———]| 100 B-A Cc Remarks 
No. Dry Saturated Difference A 125 
(A) (B) (B-A) 
1 
2 
3 
4 
5 
SEIDENOS OMI Rer es are eh oe SV Re EE oooh ec Dote ve Goel eib eve 
LOSES) co 1 AOE ct SEIS IIS BPO D ell clot chicks aR. TENA a 
COMPRESSION TEST 
(Waox.e Bricxs Testep Fat.) 
Dimensions of Brick ~ Load Compressive 
a a EN OS Did uote NN a la a Strength, Remarks 
Sample At At L 
No. Width (0), Length (I), Area (a) First | Failure — 
in. in. a=b Crack, | (D), 6 
lb. lb. Ib. per sq. in. 
1 
2 
3 
4 
5 
rE, Neate BS fc oN PRA eN, O Lee SE uw 


ef fe f | Tf ____ 
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LABORATORY RECORD.—Continued. 


TRANSVERSE TEST 


Dimensions Modulus of 
Bamplo-t ee 2o%e_ bes ei Oe ere nee Vee eee Rupture, 
No. Width (6), Depth (4), Span (), Poet Ht). _3mt Remarks 
in. in. in. 9 bd? 
iar Wain ete ae are ea | 
Sees ee ee ee 
Cape ae a | ae ee 
cares a ea 
TET TT eae eee aise CaS Lene EAR ne ees Pui mend 
Bums sie Oe Poe ata ol callek Soe RR see] oe ees os Ie SARE Goreme 
AVOPAZO.S os als SEE ok ete ae oe 2 Seas La eR eet ay oc Cue ee eee 
SUMMARY 


Average Absorption, per cent} Average Compressive Strength, lb. per sq. in. Average Modulus of Rupture 


EPS LOGI AERC A: BEEMED 2 Suda By In charge of tests. 


a 


TENTATIVE SPECIFICATIONS AND TESTS 
FOR 
HOLLOW BURNED-CLAY LOAD-BEARING WALL TILE! 


Serial Designation: C 34-24 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to annual revision. 


ISSUED, 1921; REVISED, 1924. 


SPECIFICATIONS 


1. These specifications apply to hollow load-bearing wall tile 
made from surface clay, shale, fire clay or admixtures thereof. 


I. CLASSIFICATION 


2. (a) According to the results of physical tests, tile shall be 
classified as Hard, Medium, and Soft on the basis of the following 
requirements :? 


; Compressive Strength, Based on Gross Area, !b. per aq. in.® 
Absorption, per cent 


Class End Construction Side Construction 
Mean of Individual Mean of Individual Mean of Individual 
5 Tests Maximum 5 Tests Minimum 5 Tests Minimum 
Hard... 12 or less 15 1800 or more 1400 1000 or more 700 
Medium......... 12 to 16 19 1800 to 1400 1000 1000 to 700 500 
ea 16 to 25 28 1400 to 1200 700 700 to 600 350 


@ Gross area shall be taken as the total area enclosed by the outside dimensions of the unit taken in a direction 
perpendicular to that in which the load is carried. 


(6) Where end-construction tile are used on the side they shall 
meet the requirements of that construction, and vice versa. 


1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. F. J. 
Huse, Secretary of Committee C-10 on Hollow Masonry Building Units, The Hollow Building Tile 
Association, 1409 Conway Building, Chicago, Ill. 

2 As different types of clay are used in the manufacture of tile, color cannot be taken as indicative 
of classification. 
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II. WEIGHTS 


3. (a) The tile shall have the following dry weights determined 
as hereinafter specified: 


NUMBER STANDARD 
S1zE oF UNIT, in. oF CELLS WBSIGHT, LB. 
SF byi1 2 Dy 2 eee ae es eet ee se ee 3 ae 
6° by 12-Dy AQ aGaed pies es Mens rgeeneneans 6 30 
8. DY 2 Dyk Rie vee worth Aik ca eines oo ee 6 36 
LO Sy 12 by 2 ori tae red letra teeter aie eth, eae ee 6 42 
12) DY Wh?! Dy 2 sos op. cs aoe eaeai is eet eee 6 48 
Shot op AMID Oh it VEPs AE SA i ERR POLITE Ng 1 9 
S$) by By 125 Pe ROO CR ee ns 2 16 
S:byS by d2 (iL Shaped suewcsale. ata kw ime 16 
8. by 63 by 12 GAT Shaped) pai cients ete aie 4 16 
S iby ocd DV 12 (Square) ayer ook en oc ue amen 6 24 
8) by'10} by 12 (4 Shaped) e290. yoo aa ee 32 


(b) A tolerance of 5 per cent will be allowed on the above stand- 


ard weights. 


III. DIMENSIONS 


4. No dimension shall vary more than 3 per cent from the standard 
dimensions for any form of tile. : 


IV. WEATHERING RESISTANCE 


5. All tile used in exterior work subjected to weathering condi- 
tions shall be able to withstand 100 alternate freezings and thawings. 
Tile classed as hard or medium by these specifications may be con- 
sidered as meeting the weathering requirement, provided they are 
burned to the normal maturity for the given clay. Tile classed as 
soft shall be accepted as meeting the weathering requirement only 
on the basis of freezing tests. 


V. FIRE RESISTANCE 


6. The tile shall meet the requirements of the Standard Speci- 
fications for Fire Tests of Materials and Construction (Serial Designa- 
tion: C 19) of the American Society for Testing Materials! as they 
apply to load-bearing walls and partitions, and to be acceptable shall 
develop the safe resistance period specified in the contract and in all 
cases shall give a resistance of not less than that equivalent to the re- 


- quirements for the one-hour classification where the fire resistance of the 


construction is limited by the properties of the tile. The manufacturer 
shall supply such available information on the fire test performance 


11924 Book of A.S.T.M. Standards. 
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of the given or closely similar product as will aid the purchaser in 
deciding whether his requirements are met. Further tests in accord- 
ance with the above-named standards may be conducted by the 
purchaser. 


VI. WORKMANSHIP AND FINISH 


7. All tile shall be well burned, reasonably free from laminations 
and from such cracks, blisters, surface roughness, and other defects 
as would interfere with the proper setting of the tile or impair the 
strength or permanence of the construction. 

8. The exterior surface of all tile intended for plaster or stucco 
shall be scored in such a manner as to give good anchorage. 


VII. MARKING 


9. All tile shall bear the word ‘‘Load-Bearing”’ and initials, 
name or trademark of the manufacturer. ‘These marks shall be 
indented on the exterior of the tile and shall be plainly legible. 


VIII. INSPECTION AND REJECTION 


. 10. Proper facilities shall be provided the purchaser for sampling 
and inspection either at the factory or at the site of the work, as may 
be specified in the contract. Atleast 10 days from the time of sam- 
pling shall be allowed for the completion of the test. The inspection 
shall be based on the requirements specified above. All tests shall 
be made in accordance with the methods hereinafter prescribed. 

11. (a) Individual tile shall be rejected for failure to meet the 
weight, size, workmanship and finish requirements. In case of failure 
to meet the absorption and strength requirements for the class specified, 
the seller may sort the shipment and new samples shall be selected from 
the retained lot and tested at his expense. In case the second set of 
samples fails to meet the test requirements the entire lot shall be 
rejected. 

(6) By agreement, acceptance may be based on dry weight of the 
units, percentage of absorption, fire resistance and the workmanship 
and finish, except that where loads approximating working-load 
values will be imposed on the tile construction, the tests for com- 
pressive strength shall also be made and the tile shall meet the com- 
pressive strength requirements for the given class of tile. 

12. Except as specified in Section 11 and unless otherwise agreed, 
the expense of inspection and testing shall be borne by the purchaser. 
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TESTS 
IX. SAMPLING 


13. Samples of tile for testing shall be selected by the purchaser 
or by a competent representative authorized by him to do this work. 
In all cases the samples shall be representative of the whole lot of 
tile from which they are selected. Full-size tile shall be taken in all 
cases. 

14. For the strength, absorption, and weight determinations, 
five individual tile shall be selected from each kiln or from each 100- 
ton lot. In no case shall less than five tile be taken. For the fire test 
the size of the test panel will govern the number of tile required. 
Samples for the freezing tests shall be taken from tile that have not 
been subjected to strength or fire tests. 

15. Samples for the strength and absorption tests shall be selected 
at the factory or at the site of the work, as specified. If the fire or 
freezing tests are to be made it shall be so specified at the time of 
placing the order, samples for fire tests being selected at the factory 
at least 45 days in advance of the time of filling the order and 90 days 
in advance for freezing tests. 

16. All tile selected for test shall be plainly and permanently 
marked for reference by the testing operator. 


X. WEIGHT DETERMINATIONS 


17. The five tile, if not in kiln-dry condition, shall be dried to 
constant weight at a temperature of not less than 100° Cy (212° F.) 
and be weighed separately. The scale shall be sensitive to within 
0.5 per cent of the weight of the smallest unit. 


XI. STRENGTH TESTS 


18. Five full-size dry tile shall be used. 

19. The speed of the moving head of the testing machine shall 
not be more than 0.05 in. per minute. 

20. A spherical bearing block of proper design shall be placed on 
top of the test sample. | 

21. (a) Bearing surfaces of the test samples and portions adjoin- 
ing them which are liable to absorb water from the plastic capping 
shall be coated with one coat of shellac and allowed to dry. A quantity 
of plastic mortar made of a mixture of three parts (by volume) of 
portland cement and one part of unretarded gypsum (plaster of Paris) 
mixed with sufficient water to spread evenly shall be placed on a plain 
surface which has been coated with oil, and allowed to harden suffi- 
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ciently to bear the weight of the tile. The surface to be capped shall 
be placed on this mortar, and while holding the specimen so that its 
axis 1s at right angles to the capping surface it shall be given a single 
firm pressure. 

(b) The average thickness of the cap after the extruded plaster 
has been removed and the edges trued shall not be more than # in. 
Patching of caps after setting shall not be permitted. Imperfect caps 
shall be removed and replaced with new ones. 

(c) Where time is not available for aging the cement-gypsum cap, 

a cap of neat gypsum may be used, although the resulting tile strength 
will generally be lower than with the cement-gypsum cap. Any other 
method of capping which produces equally satisfactory results may 
be used. 

22. When the cement-gypsum cap is used it shall age at least Time of 
three days before the tile is tested. Where the neat gypsum cap is Testins- 
used the tile may be tested as soon as the plaster has been well set, but 
not sooner than one hour after the sample has been capped. 

23. All tile shall be tested in the position in which they are Position 
designed to be used. crus 


XII. ABSORPTION TESTS 


24. The samples shall consist of five tile or three representative Selection 
pieces from each of these five tile. If small pieces are used, two shall of eee 
be taken from the shell and one from an interior web, the weight of 
each piece to be not less than 227 g. (§ lb.). The samples shall have 
had their rough edges or loose particles ground off and be free from 
cracks from the failure of the tile in compression, where taken from 
tile which have been subjected to strength tests. 

25. Each piece shall be marked so that it may be identified at any Marking 
time with the tile from which it was taken. Markings which do not Sct 
cover more than 5 per cent of the total superficial area of the piece ; 
shall be used. 

26. Preparatory to the absorption tests all samples shall be dried prying the 
to constant weight in a drier or oven at a temperature of not less than secteian 
M000 C. (212° F.). 

27. The balance used shall be sensitive to within 0.5 per cent of Accuracy of 
the weight of the smallest unit. Weighings. 

28. After obtaining the dry weight of the samples they shall be saturation 
immersed in soft, distilled or rain water, raised to the boiling point and °f Samples. 
boiled continuously for one hour, and then allowed to cool in water 
to room temperature. 
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29. After saturation, the sample shall be removed from the water — 


and allowed to drain for not more than one minute. ‘The superficial 
water shall be removed with a damp cloth, after which they shall be 
weighed immediately. 

30. The test results shall be calculated as percentages of the 
initial dry weight, carried to the nearest first decimal place. ‘The 
results shall be reported separately for each tile, with the average for 
the five tile. ? 


XIII. FREEZING TESTS 


31. Where the freezing test is to be made, five separate repre- 
sentative tile shall be selected. 

32. If not possible to use the whole tile, a piece consisting of a 
cell not less than 4 in. long shall be sawed from the tile. These pieces 
shall be saturated by immersion in cold water for at least 72 hours 
prior to starting the freezing. 

_ 33. Any practical method of obtaining alternate freezings and 
thawings may be used, the freezings to be always made with fully 
saturated samples and the time and temperature to be such as to 
insure full freezing and thawing throughout the specimen. The initial 
weighing and all weighings for loss shall be made on dry specimens. 

34. Failure under the freezing and thawing treatment shall be 
considered to be reached when: 

(a) The samples show superficial disintegration or spalling with 
loss of weight of more than 5 per cent of the initial weight; or 

(b) The samples are badly cracked; or 

(c) The samples show evident loss of structural strength. 


TENTATIVE SPECIFICATIONS AND TESTS 
FOR 


HOLLOW BURNED-CLAY FIREPROOFING, PARTITION 
AND FURRING TILE! 


Serial Designation: C 56-24 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to annual revision, 


ISSUED, 1924. 


SPECIFICATIONS 


1. These specifications apply to hollow fireproofing, partition Application. 
and furring tile made from surface clay, shale, fire clay or admixtures 
thereof. : 


I. CLASSIFICATION 


2. (a) According to the results of physical tests, tile shall be Ctassification. 
classified as Hard, Medium, and Soft on the basis of the following 
requirements :? 


Compressive Strength Based on Net Area, lb. per sq. in. 
Absorption, per cent plate c tells EM USS foe ea! Deak i A ae AEE IEE, Rec Avene he ni a ag 


Class ROp eee 1 8 ea See End Construction Side Construction 
Mean of Individual Mean of Individual Mean of Individual 
5 Tests Maximum 5 Tests Minimum 5 Tests Minimum 
LHCCD Le 12 or less 15 3000 or more 2500 2000 or more 1500 
WY Cit 12 to 20 25 3000 to 2000 1500 2000 to 1250 1000 
Se 20 to 28 35 2000 to 1000 750 1250 to 750 500 


(6) Where end-construction tiles are used on the side they shall 
meet the requirements of that construction, and vice versa. 


1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. F. J, 
Huse, Secretary of Committee C-10 on Hollow Masonry Building Units, The Hollow Building Tile 
Association, 1409 Conway Building, Chicago, Ill. 


? As different types of clay are used in the manufacture of tile, color cannot be taken as indicative 
of classification. 
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II. WEIGHTS ; 


3. (a) The tile shall have the following dry weights determined 
as hereinafter specified: 


STANDARD PARTITION TILE, 


NUMBER STANDARD 
DIMENSIONS, IN, oF CELLS WEIGHT, LB. 
3 by hl aby 1122 ON eis OER ra oe SU a cee 3 15 
A DVD GY Ze aes cele iene mieten net eee 3 16 
OD 2 DY A 2 esis oe nae Che eee oe 3 22 
S by T2 ‘Dy TQ ern oe eco eee nee ay iene en 4 30 
10 DY A2 by 123i ahd OL A ok ahah eee 4 36 
12 by 12 by 12ics. eee tal eee Pa Pee ae 4 40 


(b) A tolerance of 5 per cent will be allowed on the above stand- 
ard weights. 


III. DIMENSIONS 


4. No dimension shall vary more than 3 per cent from the standard 
dimensions for any form of tile. 


IV. FIRE RESISTANCE 


5. In cases where the fire resistance is an essential property, the 
tile shall meet the requirements of the Standard Specifications for 
Fire Tests of Materials and Construction (Serial Designation: C 19) 
of the American Society for Testing Materials,! as they apply for the 
construction in which the tile are used. The purchaser shall specify 
the degree of fire resistance required (fire-resistance period), and the 
manufacturer shall supply such available information on fire test 
performance of the given or closely similar product as will aid the 
purchaser in deciding whether the requirements are met. Further 
tests in accordance with the above-named standards may be conducted 
by the purchaser. ° 


V. WORKMANSHIP AND FINISH 


6. All tile shall be well burned, reasonably free from laminations 
and from such cracks, blisters, surface roughness and other defects 
as would evidently interfere with the proper setting of the tile or 
impair the permanence of the construction. 

7. The exterior surface of all tile intended for plaster shall be 
scored in such a manner as to give good anchorage. 


11924 Book of A.S.T.M. Standards. 
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VI. MARKING 


8. All tile shall bear the initials, name or trademark of the manu- Marking. 
facturer. Hollow tile intended for use in partitions shall also be 
marked “PARTITION.” ‘These marks shall be indented on the 
exterior of the tile and shall be plainly legible. 


VII. INSPECTION AND REJECTION 


9. Proper facilities shall be provided the purchaser for sampling Inspection. 
and inspection either at the factory or at the site of the work, as may 
be specified in the contract. At least 10 days from the time of sam- 
pling shall be allowed for the completion of the test. The inspection 
shall be based on the requirements specified above. All tests shall 
be made in accordance with the methods hereinafter prescribed. 

10. (a) Individual tile shall be rejected for failure to meet the Rejection. 
weight, size, workmanship and finish requirements. In case of failure 
to meet the absorption and strength requirements for the class specified, 
the seller may sort the shipment and new samples shall be selected from 
the retained lot and tested at his expense. In case the second set of 
samples fails to meet the test requirements, the entire lot shall be 
rejected. 

(b) By agreement, acceptance may be based on dry weight of the Acceptance. 
units, percentage of absorption, fire resistance and the workmanship 
and finish. 

11, Except as specified in Section 10, and unless otherwise agreed, Expense 
the expense of inspection and testing shall be borne by the purchaser. °f Tests- 


TESTS 
VIII. SAMPLING 


12. Samples of tile for testing shall be selected by the purchaser selection 

or by a competent representative authorized by him to do this work. rs Samples 
. : or Test. 

In all cases the samples shall be representative of the whole lot of tile 

from which they are selected. Full-size tile shall be taken in all cases. 

13. For the strength, absorption, and weight determinations, number of 
five individual tile shall be selected from each kiln or from each 100- Samples. 
ton lot. Inno case shall less than five tile be taken. For the fire test 
the size of the test panel will govern the number of tile required. 

14. Samples for the strength and absorption tests shall be selected Time and 
at the factory or at the site of the work, as specified in the contract. ann 
If the fire tests are to be made, it shall be so specified at the time of samples. 
placing the order, samples being selected at the factory at least 45 
days in advance of the time of filling the order. 
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15. All tile selected for test shall be plainly and permanently 
marked for reference by the testing operator. 


IX. WEIGHT DETERMINATIONS 


16. The five tile, if not in kiln-dry condition, shall be dried to 
constant weight at a temperature of not less than 100° C. (212° F.) 
and be weighed separately. The scale shall be sensitive to within 
0.5 per cent of the weight of the smallest unit. 


xX. STRENGTH TESTS 


17. Five full-size dry tile shall be used. 

18. The speed of the moving head of the testing machine shall 
not be more than 0.05 in. per minute. 

19, A spherical bearing block of proper design shall be placed on 
top of the test sample. 

20. (a) Bearing surfaces of the test samples and portions adjoin- 
ing them which are liable to absorb water from the plastic capping 
shall be coated with one coat of shellac and allowed to dry. A quantity 
of plastic mortar made of a mixture of three parts (by volume) of 
portland cement and one part of unretarded gypsum (plaster of Paris) 


_mixed with sufficient water to spread evenly shall be placed on a plain 


surface which has been coated with oil, and allowed to harden suffi- 
ciently to bear the weight of the tile. The surface to be capped shall 
be placed on this mortar, and while holding the specimen so that its 
axis is at right angles to the capping surface it shall be given a single 
firm pressure. 

(b) The average thickness of the cap after the extruded plaster 
has been removed and the edges trued shall not be more than ¢ in. 
Patching of caps after setting shall not be permitted. Imperfect caps 
shall be removed and replaced with new ones. 

(c) Where time is not available for aging the cement-gypsum cap, 
a cap of neat. gypsum may be used, although the resulting tile strength 
will generally be lower than with the cement-gypsum cap. Any other 
method of capping which produces equally satisfactory results may 
be used. 

21. When the cement-gypsum cap is used it shall age at least 
three days before the tile is tested. Where the neat gypsum cap is 
used the tile may be tested as soon as the plaster has been well set, but 
not sooner than one hour after the sample has been capped. 

22. All tile shall be tested in the position in which they are 
designed to be used. 


i -, 
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XI. ABSORPTION TESTS 


23. The samples shall consist of five tile or three representative Selection 
pieces from each of these five tile. If small pieces are used two shall w chp 
be taken from the shell and one from an interior web, the weight of 
each piece to be not less than 227 g. (3 lb.).. The samples shall have 
had their rough edges or loose particles ground off and be free from 
cracks from the failure of the tile in compression, where taken from 
_ tile which have been subjected to strength tests. 

24. Each piece shall be marked so that it may be identified at any Marking 
time with the tile from which it was taken. Markings which do not aanaiee 
cover more than 5 per cent of the total superficial area of- the piece 
shall be used. 

25. Preparatory to the absorption tests all samples shall be dried Drying the 
to constant weight in a drier or oven at a temperature of not less than pe 
P00 (212° F:), 

26. The balance used shall be sensitive to within 0.5 per cent of Accuracy of 
the weight of the smallest unit. Welehings. 

27. After obtaining the dry weight of the samples they shall be Saturation 
immersed in soft, distilled or rain water, raised to the boiling point and ° S4™ples. 
boiled continuously for one hour, and then allowed to cool in water 
to room temperature. 

28. After saturation, the sample shall be removed from the water Obtaining 
and allowed to drain for not more than one minute. ‘The superficial ae 
water shall be removed with a damp cloth, after which they shall be 
weighed immediately. 

29. The test results shall be calculated as percentages of the Calculating 
initial dry weight, carried to the nearest first decimal place. The end ~ 
results shall be reported separately for each tile, with the average for Results. 
the five tile. 
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TENTATIVE SPECIFICATIONS AND TESTS 
FOR 
HOLLOW BURNED-CLAY FLOOR TILE! 


Serial Designation: C 57-24 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to annual revision. 


ISSUED, 1924 


SPECIFICATIONS 


1. These specifications apply to hollow floor tile made from 
surface clay, shale, fire clay or admixtures thereof. 


I. CLASSIFICATION 


2. (a) According to the results of physical tests, tile shall be 
classified as Hard, Medium, and Soft on the basis of the following 
requirements 7 


‘ Compressive Strength Based on Net Area, Ib. per sq. in. 
Absorption, per cent 


Class Dd RUMI RRO Sir ee aa Sah End Construction Side Construction 
Mean of Individual Mean of Individual Meanof | Individual 
5 Tests Maximum 5 Tests Minimum 5 Tests Minimum 
Hard ejesem seni 12 or less 15 4000 or more 3200 2500 or more 2000 
Medium......... 12 to 16 19 4000 to 3000 2400 - 2500 to 1800 1400 
Softsohe Seer ie 16 to 25 -28 3000 to 2200 1700 1800 to 1300 1000 


(b) Where end-construction tile are used on the side they shall 
meet the requirements of that construction, and vice versa. 


II. WEIGHTS 


3. (a) The tile shall have the following dry weights determined 
as hereinafter specified: 


1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. F. J. 
Huse, Secretary of Committee C-10 on Hollow Masonry Building Units, The Hollow Building Tile 
Association, 1409 Conway Building, Chicago, IIl. 

2 As different types of clay are used in the manufacture of tile, color cannot be taken as indicative 
of classification. 
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FLAT ARCH 
DEPTH AVERAGE WEIGHT 
oF ARCH, IN. PER SQUARE Foot, LB. 
Ce Ea NMA COOL RE RT ONG OT oe EES Blt ahs ke PARE Pe. 26 
POEM eT SAL. dk Es ee eee RNS RIG high 29 
SE SOE re die oh (Sit, 5) Cee aM h Crack: AEE S Uhia aroha Bist ole MRE IeE A oe 
LS RS Ry aR Se te Se Re 2 a Pi oS 
RS TM cd od OM MR a NOH oar sia SONS Re Oe hin « Bah chelsea wets 38 
ROT ce. Oe nN Oe PANE, rE ia Ce a te tee 42 
i Me eats ht. Pee Se ret ce ec ee ees am 50 
SEGMENTAL ARCH 
DEPTH AVERAGE WEIGHT 
OF ARCH, IN. PER SQUARE FOOT, LB. 
Pe Ty iy oe. cig sls ee eR SR Leg ec a a ae ae TINTS ert eon: 30 
PP Ee eee he aoet Lo rs ae MPRA ene MATES Ole ay ble eeisle dd oodhw eieheave 36 
Del eee Tit. PCD A P.O chests PERRET ERE we Cals VS 40 


TILE FOR USE IN COMBINATION HOLLOW TILE AND CONCRETE CONSTRUCTION 


NUMBER STANDARD 

SIZE OF UNIT, IN. OF CELLS WEIGHT, LB. 
STS Va 28a) 2 cteotayns ce gee a Bay. ibd sare Sapna 3 16 
Be NS 25 iy ney I a ee es 3 22 
PREM Gb el... oe ee Ae Yor es wines < ay ware 4 30 
DORON E POPOV ELL. 31 0 eee ORS ora cs Sees ce 4 36 
EPH abe OV ALLE. Ni ne eae cheese he oN ad as 4 40 


(b) A tolerance of 5 per cent will be allowed on the above standard 
weights. 


III. DIMENSIONS 


4. No dimension shall vary more than 3 per cent from the standard 
dimensions for any form of tile. 


IV. FIRE RESISTANCE 


5. The tile shall meet the requirements of the Standard Speci- 
fications for Fire Tests of Materials and Construction (Serial Designa- 
tion: C 19) of the American Society for Testing Materials,! as they 
apply to hollow floor tile, and to be acceptable shall develop the safe 
resistance period specified in the contract. The manufacturer shall 
supply such available information on the fire test performance of 
the given or closely similar product as will aid the purchaser in decid- 
ing whether his requirements are met. Further tests in accordance 
with the above named standards may be conducted by the purchaser. 


11924 Book of A.S.T.M. Standards. 
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V. WORKMANSHIP AND FINISH 


6. All tile shall be well burned, reasonably free from laminations 
and from such cracks, blisters, surface roughness and other defects 
as would interfere with the proper setting of the tile or impair the 
strength or permanence of the construction. 

7. The exterior surface of all tile intended for plaster shall be 
scored in such a manner as to give good anchorage. 


VI. MARKING 


8. All tile shall bear the initials, name or trademark of the manu- 
facturer. ‘These marks shall be indented on the exterior of the tile 
and shall be plainly legible. 


VII. INSPECTION AND REJECTION 


9. Proper facilities shall be provided the purchaser for sampling 
and inspection either at the factory or at the site of the work, as may 
be specified. At least 10 days from the time of sampling shall be 
allowed for the completion of the test. ‘The inspection shall be based 
on the requirements specified above. All tests shall be made in accord- 
ance with the methods hereinafter prescribed. 

10. (a) Individual tile shall be rejected for failure to meet the 
weight, size, workmanship and finish requirements. In case of failure 
to meet the absorption and strength requirements for the class specified, 
the seller may sort the shipment and new samples shall be selected from 
the retained lot and tested at his expense. In case the second set of 
samples fails to meet the test requirements the entire lot shall be 
rejected. 

(6) By agreement, acceptance may be based on dry weight of the 
units, percentage absorption, fire resistance and the workmanship and 
finish. 

11. Except as specified in Section 10 and unless otherwise agreed, 
the expense of inspection and testing shall be borne by the purchaser. 


TESTS 
VIII. SAMPLING 


12. Samples of tile for testing shall be selected by the purchaser 
or by a competent representative authorized by him to do this work. 
In all cases the samples shall be representative of the whole lot of 
tile from which they are selected. Full-size tile shall be taken in 
all cases. 
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13. For the strength, absorption, and weight determinations, Number of 
five individual tile shall be selected from each kiln or from each 100- S*™Ples- 
ton lot. Where tile of several designs are used, enough samples 
shall be weighed to determine the true average weight in pounds 
per square foot for the construction. In no case shall less than five 
tile be taken. For the fire test the size of the test panel will govern 
the number of tile required. Samples for the freezing tests shall be 
taken from tile that have not been subjected to strength or fire tests. 

3 14 Samples for the strength and absorption tests shall be selected. Time and 
at the factory or at the site of the work, as specified in the contract. wees 
If the fire tests are to be made, it shall be so specified at the time of Samples. 
placing the order, samples being selected at the factory at least 45 days 

in advance of the time of filling the order. 

15. All tile selected for test shall be plainly and permanently Marking 
marked for reference by the testing operator. Samples. 


IX. WEIGHT DETERMINATIONS 


16. The five tile, if not in kiln-dry condition, shall be dried to Weight 
constant weight at a temperature of not less than 100° C. (212° F.) eptbtieg! 
and be weighed separately. The scale shall be sensitive to within 


0.5 per cent of the weight of the smallest unit. 


X. STRENGTH TESTS 


17. Five full-size dry tile shall be used. Samples. 
18. The speed of the moving head of the testing machine shall Speed of 
not be more than 0.05 in. per minute. be Ne Say 
19. A spherical bearing block of proper design shall be placed on Bearing 
top of the test sample. Bie 
20. (a) Bearing surfaces of the test samples and portions adjoin- Capping. 
ing them which are liable to absorb water from the plastic capping 
shall be coated with one coat of shellac and allowed to dry. A quantity 
of plastic mortar made of a mixture of three parts (by volume) of 
portland cement and one part of unretarded gypsum (plaster of Paris) 
mixed with sufficient water to spread evenly shall be placed on a plain 
surface which has been coated with oil, and allowed to harden suffi- 
ciently to bear the weight of the tile. The surface to be capped shall 
be placed on this mortar, and while holding the specimen so that its 
axis is at right angles to the capping surface it shall be given a single 
firm pressure. 
(b) The average thickness of the cap after the extruded plaster 
has been removed and the edges trued shall not be more than ¢ in. 
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Patching of caps after setting shall not be permitted. Imperfect caps 
shall be removed and replaced with new ones. 

(c) Where time is not available for aging the cement-gypsum cap, 
a cap of neat gypsum may be used, although the resulting tile strength 
will generally be lower than with the cement-gypsum cap. Any other 
method of capping which produces equally satisfactory results may 
be used. 

21. When the cement-gypsum cap is used it shall age at least 
three days before the tile is tested. Where the neat gypsum cap is 
used the tile may be tested as soon as the plaster has been well set, but 
not sooner than one hour after the sample has been capped. 

22. In the tests, the tile shall be loaded in the direction in which 
they receive the principal stress in the structure. 


XI. ABSORPTION TESTS 


23. The samples shall consist of five tile or three representative 
pieces from each of these five tile. If small pieces are used two shall 
be taken from the shell and one from an interior web, the weight of 
each piece to be not less than 227 g. (§ lb.). The samples shall have 
had their rough edges or loose particles ground off and be free from 
cracks from the failure of the tile in compression, where taken from 
tile which have been subjected to strength tests. 

24. Each piece shall be marked so that it may be identified at any 
time with the tile from which it was taken. Markings which do not 
cover more than 5 per cent of the total superficial area of the piece 
shall be used. 

25. Preparatory to the absorption tests all samples shall be dried 
to constant weight in a drier or oven at a temperature of not less than 
100°C..(212° F.). 

26. The balance used shall be sensitive to within 0.5 per cent of 
the weight of the smallest unit. 

27. After obtaining the dry weight of the samples they shall be 
immersed in soft, distilled or rain water, raised to the boiling point and 
boiled continuously for one hour, and then allowed to cool in water 
to room temperature. 

28. After saturation, the sample shall be removed from the water 
and allowed to drain for not more than one minute. The superficial 
water shall be removed with a damp cloth, after which they shall be 
weighed immediately. 

29. The test results shall be calculated as percentages of the 
initial dry weight, carried to the nearest first decimal place. The 
results shall be reported separately for each tile, with the average for 
the five tile. 


“TENTATIVE METHODS OF CHEMICAL ANALYSIS 
OF 
LIMESTONE, QUICKLIME AND HYDRATED LIME! 


Serial Designation: C 25-25 T. 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. 


IssUED, 1919; REVISED, 1921, 1922, 1925. 


TREATMENT OF SAMPLE 


The sample, taken and prepared in accordance with the require- 
ments of the particular specifications of the Society applicable to the 
material shall be treated as follows: 

Weigh out 0.5 g. of the substance and, if a limestone or hydrated 
lime, ignite in a covered platinum crucible in an electric muffle (Note 1) 
for 15 minutes, or longer if the heat is not powerful enough to effect 
complete decomposition within that time. ‘Transfer to an evaporating 
dish, preferably of platinum (Note 2) for the sake of celerity in evapora- 
tion, mix to a thin slurry with distilled water, add 5 to 10 cc. of HCl 
(sp. gr. 1.20) and digest with aid of gentle heat and agitation until 
solution is complete. Solution may be aided and the time shortened 
by light pressure with the flattened end of a glass rod upon resistant 
lumps. ‘Then evaporate the solution to dryness, so far as this may 
be possible on the water bath. 


DETERMINATION OF SILICA. 


When dry or nearly so, place the dish and its contents in an air 
bath or (covered) on a platinum triangle resting on a hot plate and, 
if it is a high calcium limestone that is under treatment, heat for one 
hour at 200° C.; if a high magnesian stone is under treatment the 
temperature should not exceed 120° C. Drench the cooled mass with 


HC] (sp. gr. 1.20) and allow to stand for a few minutes. Add an 


equal volume of water, cover the dish and place on the water bath for 


1 Bulletin 700, U. S. Geological Survey, should be used as a reference book in connection with 
these methods, especially when very exact and detailed analyses are desired. Blank determinations 
should be made on all reagents, and corrections applied when called for. 

Criticisms of these Tentative Methods are solicited and should be directed to Mr. R. P. Brown, 
Secretary of Committee C-7 on Lime, National Lime Association, 918 G St., N. W., Washington, D.C. 
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10 minutes (Note 3). Separate the silica by filtration on a filter of ' 


suitable size. Wash thoroughly with dilute HCl and then wash 
twice with cold water. 

Evaporate the filtrate to dryness. Extract the residue with 
HCl as before but allowing only a few minutes time. Filter this 
solution through a second and smaller paper. 

Transfer, wet, the papers containing the separated residue to a 
weighed platinum crucible. Char carefully without allowing the 
paper to inflame and ignite to constant weight in an electric muffle 
and weigh (Note 1). Correct the weighed silica for foreign matter 
by evaporating with 5 cc. of HF and one or two drops of H:SQ,.! 
Heat the residue for 2 or 3 minutes in an electric muffle and again 
weigh. The difference between this weight and that previously 
obtained gives the weight of the silica (Note 4). 


DETERMINATION OF TOTAL IRON AND ALUMINUM. 

Fuse the residue from the silica determination using a little 
NazCQO; (Note 5). Dissolve the cooled melt in HCl] and add the 
solution to the filtrate from the second evaporation for silica. Adda 
few drops of bromine water or HNO; and boil the solution until all 
trace of bromine or chlorine is gone. Then add HCl, if not already 
present, sufficient to insure a total volume of 10 to 15 cc. of HCl 
(sp. gr. 1.20).2. Add a few drops of methyl red solution and after 
diluting to 200 to 250 cc. heat the liquid to boiling. Neutralize by 
means of NH,OH (dilute towards the end) until the color of the liquid 
changes to a distinct yellow. Boil for one or two minutes, allow to 
settle, filter and wash the precipitate at once two or three times with 
hot NH.Cl (2-per-cent) solution and suck dry. 

Set the filtrate aside. Dissolve any precipitate from the paper 
in hot, dilute HCl, the solution passing into the beaker in which the 
precipitation was made and wash the paper thoroughly with hot 
water. Boil the solution to expel any trace of chlorine and again 
precipitate the hydroxides with NH.OH as described above. Ignite 
the precipitate, moist (Note 1), in a weighed platinum crucible, cool 
and weigh as Al,O; and Fe.0; (Note 6). 


DETERMINATION OF TOTAL IRON. 

Fuse the combined iron and aluminum oxides (Note 7) in a 
platinum crucible at a very low temperature with 3 to 4 g. of K2S,0; 
or better Na.S,O; (Note 8). Take up the melt with so much dilute 
H2SO, that there shall be not less than 5 g. absolute acid and enough 

1See Bulletin 700, U. S. Geological Survey, p. 103. 


2See Bulletin 700, U. S. Geological Survey, p. 258. 
See Bulletin 700, U. S. Geological Survey, p. 107. 
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water to effect solution on heating. Evaporate the solution and 
eventually heat until acid fumes come off copiously. After cooling 
and redissolving in water, filter out the small amount of silica, wash, 
ignite, weigh and correct by HF and H:SQO, (Note 9). Add the 
weight so corrected to the weight of silica previously found and 
deduct from the gross weight of the oxides of iron and aluminum. 

Reduce the filtrate by zinc (Note 10). Titrate with KMnO, 
using a N/20 solution. 


DETERMINATION OF ALUMINUM. 

Subtract the calculated weight of Fe,O; obtained by the method 
described above from the weight of Fe,O;-+ Al,O;. Report the 
remainder as Al,O;. In case phosphorus is determined, calculate it 
to P,O; and deduct also. 


DETERMINATION OF TOTAL IRON. 
ALTERNATIVE METHOD (Note 7). 

Dissolve 2 to 5 g. (depending upon the amount of iron present) 
of the properly prepared sample in HCl and evaporate rapidly to 
dryness. ‘Treat the residue with water and HCl. filter off the silica 
and wash several times with hot water. Precipitate the iron in a 
boiling solution with fixed alkali, allow to settle, filter and wash free 
of chlorides, using hot water. Dissolve in dilute H,SQ,. 

Ignite the insoluble matter from the evaporated hydrochloric 
acid solution in a platinum crucible. Treat with H,SO, and HF and 
heat until fumes of H,SO, appear. Bring the residue into solution 
with the addition of a few drops more of H:SO, and combine the 
solution with that of the bulk of the iron. Reduce this solution by 
zinc and titrate the iron with KMnO, in the usual manner. 


DETERMINATION OF CALCIUM. 
(Note 11.) 
(a) Gravimetric Method. 

Add a few drops of NH,OH to the combined filtrate from the 
R.O; precipitate, and bring the solution to boiling. To the boiling 
solution add 35 cc. of a saturated solution of (NH,)2C2O,, and continue 
the boiling until the precipitated CaC.Q, assumes a granular form; 
then allow it to stand 20 minutes, or until the precipitate has settled 
and the supernatent liquid is clear, filter and wash thoroughly with 
boiling water (Note 12). Place the wet filter and precipitate in a 
platinum crucible, and burn off the paper over the small flame of a 
Bunsen burner, or in a muffle. Ignite the residue, dissolve in hot 
dilute HCl, and make up the volume of the solution to 100 cc. with 
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water. Add NH,OH in slight excess and boil the liquid. If a small 
amount of Al,(OH), separates, filter it out, wash with NH,Cl (2-per- 
cent solution), ignite, weigh and add this weight to that found in the 
first determination. Then reprecipitate the lime by (NH4)2C2O,, 
allow to stand until settled, filter, wash thoroughly with boiling water 
(Note 12) and weigh as wat ta Bade after pare to constant weight 
in a covered platinum crucible. 


(b) Volumetric Method. (Note 13.) 


Make the filtrate from the iron and alumina precipitate alkaline 
with NH.OH, boil, and add 35 cc. of a boiling saturated solution of 
(NH,)2C20,. Stir vigorously and allow to stand until the precipitate 
has settled, filter on an 11-cm. paper, and wash ten times with hot 
water (Note 14). Transfer the paper and precipitate to the beaker in 
which the precipitation was made, spreading the paper out against 
the upper portion of the beaker. Wash the precipitate from the 
paper with a jet of hot water, fold the paper and leave it adhering to 
the upper portion of the beaker. Add to the contents of the beaker 
50 cc. of dilute H2SO, (1:10), dilute to a volume of 250 cc. with hot 
water and heat to a temperature of 80 to 90° C. ‘Titrate with the 
standard KMn( solution! until the pink end point is obtained. Now ° 
drop the folded filter paper (which has been adhering to the side of 
the beaker) into the liquid; the pink color of the latter will be dis- 
charged. Finish the titration by adding KMnO,, a drop at a time, 
until the pink end point is again obtained. A Gooch crucible may be 
used instead of filter paper. From the total quantity of standard 
KMnQ, solution used, calculate the percentage of calcium oxide. 


DETERMINATION OF STRONTIUM. 


Transfer the weighed oxides obtained in the gravimetric determi- 
nation of calcium to a small flask of 20-cc. capacity and dissolve in 
HNO;. Evaporate to dryness and heat at 150 to 160° C. Treat the 
thoroughly dried nitrates with as little (rarely over 2 cc.) of a mixture 
of equal parts of absolute alcohol and ether as may be needed to 
dissolve the calcium salt, solution being hastened by occasional gentle 
agitation. After standing over night in the corked flask collect the 
insoluble matter on the smallest possible filter and wash with more of 
the above mixture of alcohol and ether. After drying, pass a few 
cubic centimeters of hot water through the filter, on which may remain 
a few tenths of a milligram of residue, which does not usually contain 
any lime or other alkaline earth and whose weight is therefore to be 


1 See directions for preparing this solution. 
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deducted from that of the lime, unless it can be shown that it is derived 
from the glass of the little flask in which the nitrates of calcium and 
strontium were evaporated. To the solution of strontium nitrate in 
a small beaker add a few drops of H2SO, and then its volume of alcohol, 
whereby the strontium is precipitated as sulfate. After twelve hours, 
filter on a small filter paper and wash the residue with 50-per-cent 
alcohol. Ignite at a low temperature, moisten with dilute H,SQ,, 
evaporate, again ignite and weigh as strontium sulfate. Test the 
sulfate spectroscopically as to freedom from calcium and barium. 

Calculate the weight of strontium oxide and deduct from the 
weight of calcium oxide obtained as above. 


DETERMINATION OF MAGNESIUM. 

Acidify the combined filtrates from the calcium precipitates 
with HCl and concentrate on the water bath to about 150 cc., and 
heat to boiling. To the boiling solution add 10 cc. of a saturated 
solution of Na(NH.)HPO, and continue the boiling for several 
minutes. Then cool to room temperature, and add NH,OH drop by 
drop with constant stirring until the crystallin ammonium-magnesium 
orthophosphate begins to form and then in moderate excess, the 
stirring being continued for several minutes. Allow the liquid to 
stand in a cool atmosphere for from 12 to 48 hours (Note 15) and filter. 

Dissolve the precipitate in hot dilute HCl, make up the solution 
with water to about 100 cc., add 1 cc. of the saturated solution of 
Na(NH.)HPO, and NH.OH drop by drop with constant stirring 
until the precipitate is again formed as above described and the 
ammonia is present in moderate excess. Then allow it to stand in a 
cool atmosphere for from 12 to 48 hours (Note 15), filter on paper or 
a Gooch crucible, wash with dilute NH,OH containing NH,NO; 
(Note 16), ignite (Note 1), cool, and weigh as Mg,P.0; (Note 17). 


DETERMINATION OF TOTAL VOLATILE MATTER. 
(Loss ON IGNITION.) 

Place 1 g. of the properly prepared sample (Note 18) in a weighed 
platinum crucible, cover with the lid and heat gently for 5 minutes 
(Note 1), gradually increasing the temperature to the maximum of the 
muffle, and maintain at this temperature until constant weight is 
‘obtained (usually about 15 minutes). 


DETERMINATION OF MECHANICAL MOISTURE 
(LIMESTONE ONLy.) (Note 19.) 
Weigh 1 g. of the properly prepared sample in a tared, wide, 
low-form, flat-bottomed weighing bottle. Heat uncovered in a 
ventilated drying oven at 120° C. for two hours. Quickly stopper 
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and cool in a desiccator. Lift the stopper momentarily just before 
weighing and weigh. ‘The use of a similar weighing bottle as a counter- 
poise carried through all of the operations is a desirable procedure. 
The loss in weight represents “Mechanical Moisture” or “ Hydro- 
scopic Water” at 120° C. | 


DETERMINATION OF CARBON DIOXIDE. 


Carbon dioxide is to be determined upon the properly prepared 
sample according to the method given in U. S. Geological Survey 
Bulletin No. 700, p. 217. An illustration showing the arrangement of 
the component parts of the necessary apparatus is shown on p. 218 
of that Bulletin. 

With limestone, use a 0.5-g. sample; with burned lime, hydrated 
lime, etc., use a 5-g. sample. 

Boil the weighed sample with dilute HCl in a small Erlenmeyer 
flask attached to an upwardly inclined condenser, whence, after 
passing through a drying system—calcium chloride, anhydrous copper 
sulfate to retain hydrogen sulfide from decomposable sulfides and 
any HC] that may pass over, then calcium chloride again—the carbon 
dioxide is caught by absorption tubes filled with soda-lime followed 
by calcium chloride. Of course, arrangement is made for a current 
of air free from CO: with which to sweep out the apparatus before 
and after the experiment, and for a slow current during its continuance. 

The results are very accurate and the determination can be 
quickly carried out. 

The manipulations are as follows: Pour hot water upon the 
powder in the flask fitted with a separatory funnel and delivery tube; 
attach this to the condenser, and force a current of air free from CO, 


through the whole system, except the weighed absorption tubes, until 


the original air has been displaced, the observation bulbs (containing 
H,SO, to show the rate of gas flow) being attached directly to the 
drying system. ‘Then close the stop-cock in the separatory funnel, 
half fill the latter with HCl (1:1), replace the rubber stopper of the 
funnel, insert the absorption tubes between the drying system and the 
observation bulbs, and allow the acid to flow into the flask, slowly if 
there is much carbon dioxide, rapidly if there is but little. When 


effervescence diminishes in the former case, at once in the latter, 


light the burner under the flask and start the flow of water through 
the condenser. Keep the flame low, so as to secure steady but quiet 
ebullition, and do not interrupt the air current although it should be 
reduced to a slow rate. With much carbon dioxide the rate of absorp- 
tion is very readily noted by holding the hand to the soda-lime tubes, 


* 
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which become hot or warm when absorption is taking place. Suff- 
cient time having elapsed (Note .20), extinguish the flame, and 
increase the air current. When cool, disconnect the soda-lime tubes 
from the apparatus and allow to stand in the balance case until two 
weights taken 30 minutes apart agree within 0.5 mg. 

The soda lime for use in this determination must be porous, not 


hard and unabsorptive like that sometimes used for the combustion. 


of nitrogenous organic substances. 


DETERMINATION OF SULFURIC ANHYDRIDE. 

Place 2 g. of the properly prepared sample in a small, dry 
beaker and stir it up with 10 cc. of cold water until all lumps are 
broken up and the lighter particles are in suspension. Add 15 cc. of 
dilute HCl (1:1) and heat until solution is complete. Filter through a 
small paper and wash the residue thoroughly with hot water. Dilute 
the filtrate to 250 cc., heat to boiling, and add 10 cc. of a boiling 
10-per-cent solution of barium chloride drop by drop with constant 
stirring. Stir well and allow to stand over night. Filter, wash with 
boiling water, ignite and weigh as BaSQu,. 


DETERMINATION OF TOTAL SULFUR. 
Digest 2 g. of the properly prepared sample on the hot plate with 
25 to 30 cc. of bromine water. Then add 15 cc. of dilute HCl (1:1) 
and boil until solution is complete and all bromine has been 


expelled. Then proceed as outlined above under ‘‘ Determination of 
Sulfuric Anhydride.” 


DETERMINATION OF PHOSPHORUS. 

Dissolve 10 g. of the sample in 80 cc. of dilute HNO; (1:1), 
filter, and wash the residue with hot water. Ignite, and fuse the 
residue with a little NazCO3, cool the melt and add its nitric acid 
solution to the main filtrate. (Note 21.) 

In case the rock is rather argillaceous, mix the powder with half 
its weight of Na2CO; and blast strongly. Dissolve the cooled melt 
in HNO; and evaporate to dryness. Take up the dry residue with 
dilute HNO; (1: 2), filter and wash the residue with hot water. Ignite 
the residue in platinum, and evaporate with HF and HNO. Finally, 
evaporate twice with HNO; alone to expel all fluorine, dissolve the 
residue in HNO; and add the solution to the main filtrate. (Note 21.) 

Oxidize the nitric acid solution by boiling with 10 cc. of 1.5-per- 
cent KMnQ, solution until manganese dioxide is_ precipitated. 
Dissolve the oxide by addition of H2SOs3 or a sulfite free from phos- 
phorus and boil to expel the oxides of nitrogen and sulfur. Neutralize 
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the HNO; with NH.OH and then add 1 cc. of HNO; (sp. gr. 1.42) for 
every 100 cc. of solution. Bring the solution to a temperature of 
40° C., add ammonium molybdate solution! and shake for 10 minutes. 
Allow to stand at a temperature of not over 40° C. for 1 to 12 hours. 
Filter and wash 10 times with a 1-per-cent KNOs; solution. Return 
the precipitate to the precipitating vessel, add a measured excess of 
N/10 NaOH and 25 cc. of water free from CO, and shake or stir until 
the precipitate is dissolved. Dilute to 100 to 200 cc. with water free 
from COs, add 3 drops of 0.2-per-cent phenolphthalein solution, and 
discharge the pink color with standard acid. Finish the titration by 
adding standard alkali until the reappearance of the pink color. The 
alkali solution should be free from carbonate and be standardized 
against the Bureau of Standards’ standard benzoic acid. The ratio of 
phosphorus to NaOH should be considered as 1 : 23 in calculating 
results. (Note 22.) 


; DETERMINATION OF MANGANESE. 

Dissolve 10 g. of the sample in 100 cc. of dilute HNO; (1 : 1), 
filter and wash the residue with hot water. Ignite the residue in 
platinum, fuse with a little NasCO; and add the nitric acid solution 
of the melt to the main filtrate. 

Dilute the solution to 150 cc. and add 0.5 g. of sodium bismuthate 
(Note 23). Heat for a few minutes, or until the pink color has dis- 
appeared and dioxide has precipitated. If manganese dioxide does 
not precipitate add more bismuthate. Clear the solution by adding 
a few drops of a saturated solution of sodium bisulfite or other suitable 
reducing agent free from chlorides, and boil to expel all oxides of 
nitrogen and sulphur. Cool to 15° C., add an excess of sodium 
bismuthate; agitate and let stand for a few minutes. Add 50 cc. of 
3-per-cent HNO; and filter through asbestos. Wash with 3-per-cent 
HNO; until the washings run through colorless. Add a measured 
excess of a standard FeSO, solution and titrate back with a standard 
KMnQ, solution of which the strength has been determined by means 
of the Bureau of Standards sodium oxalate. (Note 24.) 


DETERMINATION OF FERROUS IRON SOLUBLE IN SULFURIC ACID. 

In limestones, the presence of carbonaceous matter renders the 
exact or even approximate determination of ferrous iron often im- 
possible. Nevertheless, even in its presence acceptable results are 
sometimes obtainable if there is not much of such matter and if it 
does not give with acid a colored solution. Occasionally limestones 


1See Blair, ‘*The Chemical Analysis of Iron,”’ 8th Edition, p. 92. 3 
3See Journal, Am. Chem. Soc., Vol. 34, p. 1027 (1912), and Vol. 35, p. 1309 (1913). 
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show films of manganese peroxide, which likewise interferes with the 
determination. 


(a) In Absence of Carbonaceous Matter. 


The powder, one to several grams, is introduced into a stout 
flask of about 200 to 250-cc. capacity and boiled with a little water 
till all air is expelled. While still boiling, dilute H2SO, is added, a 
little at a time, till effervescence ceases, and then a further amount. 
Calcium sulfate precipitates, but the iron will remain in solution. 
The flame is then removed and a stopper tightly inserted, through which - 
passes a small stop-cock funnel. When cool, or nearly so, cold water 
is poured into the funnel, the cock cautiously opened, and the water 
drawn into the flask, more water being poured into the funnel as fast 
as it empties, till the solution amounts to 100 to 150 cc. Such pre- 
caution to exclude air is hardly necessary in most cases, however, 
for in presence of H,SO, the oxidation of ferrous iron is exceedingly 
slow. It is ordinarily quite sufficient to equalize the internal and 
external pressures by opening the cock, removing the stopper, and 
pouring in cold water. The flask is then brought under a burette 
containing dilute KMnO, solution and the iron titrated without delay. 
With a carbonate which is wholly decomposable without the aid of 
heat, solution may be accomplished in a flask filled with COs, using 
cold acid, whereby the danger of attack of silicates is lessened if these 
are present. If the preference is for the K2Cr.O, method of titration, 
HCl may be used instead of H2SO,, in absence of manganese peroxide. 
In this case there is, of course, no separation of an insoluble calcium 
salt, a fact which renders easier the subsequent determination of the 
iron in any insoluble residue the rock may yield. The ferrous iron 
thus found is mostly, if not altogether, that existing as carbonate.! 


(b) In Presence of Carbonaceous Matter. 


Decomposition is effected in a flask by dilute H2SO, in an atmos- 
phere of CO. With limestones and active agitation no heat need be 
used, but with dolomites it will be necessary. The solution is then 
quickly filtered through asbestos (in an atmosphere of CO: if much iron 
is present), the residue and filter washed a few times with water, and 
the filtrate titrated at once with permanganate. If it is colored by 
organic matter, the result may be in error. As above, HCl and titra- 
tion by K,Cr.0, may be used in absence of manganese peroxide. In 
either case it is important to allow the acid to act no longer than is 


1Tf uw determination of ferrous Iron in the insoluble residue is desired see U. S. Geological Survey 
Bulletin 700, p. 265. 
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necessary and to filter quickly. A determination of the ferrous iron 
in the insoluble matter is usually not worth attempting, because of the 
admixed organic matter. 


DETERMINATION OF AVAILABLE LIME IN QUICKLIME AND 
HYDRATED LIME BY THE MODIFIED SCAIFE METHOD 


‘Available lime’ in quicklime or hydrated lime is that (or those) 
constituent (or constituents) which enters (or enter) into the reac- 


_tion under the conditions of the specified method or process. 


The interpretation of results obtained by the following method 
shall be restricted by the above definition. 

Place 1.4 g. of the carefully prepared and finely ground (passing 
a No. 100 sieve) lime in a 400-cc. beaker, add 200 cc. of hot water, 
cover, heat carefully and then boil for three minutes. 

Cool, wash down cover, add two drops of phenolphthalein and 
titrate with normal hydrochloric acid, adding the acid dropwise as 
rapidly as possible and stirring vigorously to avoid local excess of acid. 
When the pink color disappears in streaks, retard the rate of addition 
of acid somewhat, but continue until the pink color disappears entirely — 
and does not reappear for 1 or 2 seconds. Note the reading and 
ignore the return of color. . 

Repeat the test, substituting for the 400-cc. beaker a 1-liter 
graduated flask, carrying a one-hole stopper fitted with a short glass 
tube drawn out toa point. Cool and add dropwise and with vigorous 
stirring 5 cc. less acid than before. Call the number of cubic centi- 
meters used A. Grind up any small lumps with a glass rod flattened 
at one end, dilute to the mark with freshly boiled distilled water, 
close the flask with a solid stopper, mix thoroughly for 4 or 5 minutes 
and let settle for 30 minutes. 

Pipette a 200-cc. portion, add phenolphthalein and titrate slowly 
with 0.5 N hydrochloric acid until the solution remains colorless on 
standing 1 minute. Call this additional) number of cubic centi- 
meters B. ‘Then the percentage of available CaO =2A +5B. 


NOTES. 


To secure accurate and concordant results, it is essential that this method be 
followed in minute detail. 

For very accurate work 0.1 N acid may be used in place of the 0.5 N acid 
prescribed. The calculation then becomes: Available CaO =24+B. 

Standard acid solutions must be standardized by the U. S. Bureau of Stand- 
ards benzoic acid No. 48-A through a sodium hydroxide solution. 
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PREPARATION OF STANDARD SOLUTION OF POTASSIUM 
PERMANGANATE. 


Prepare a solution of potassium permanganate containing 5.64 g. 
of the pure crystallized salt in each liter. Such a solution will be of 
such strength that 1 cc. will approximately equal 0.005 g. of CaO 
(Note 25). 

The best and simplest way to prepare such a solution is to weigh 
out the required quantity of potassium permanganate and place in a 
bottle containing the proper volume of water a week or ten days 
before the solution is to be standardized. ‘The bottle and its contents 
must be kept in a dark place and shaken occasionally for the first 
three or four days. When ready for standardization, siphon off the 
solution through a glass siphon into another bottle, leaving a depth 
of about one inch of solution undisturbed in the original bottle (Note 
26). Thoroughly mix the solution in the second bottle by shaking 
and standardize as follows (Note 27): 

Dissolve 0.5 g. of NagC.0, (Note 28) in a 400-cc. beaker with 
200 to 250 cc. of hot water (80 to 90° C.) and add 10 cc. of dilute 
H2SO, (1 : 1) to the solution. Titrate at once with the permanganate 
solution being standardized, stirring vigorously and continuously. 
The permanganate solution must not be added more rapidly than 10 
to 15 cc. per minute, and the last 0.5 to 1 cc. must be added dropwise, 
with particular care to allow each drop to be fully decolorized before 
the next is introduced. The excess of permanganate solution necessary 
to give the end point color is determined by running a blank determina- 
* tion in another beaker containing the same volume of acid and water 
present in the original beaker, and heated to the same temperature 
(Note 29). The value of the permanganate solution in grams of CaO 
per cubic centimeter of solution may be calculated from the following 
equations: 
5N axCeO, 1. 2K MnO, + 8H.SO, 

10CO; + 8H.0. 
5CaC.0, +e 2K MnO, + 8H.SO, 

10CO, + 8H.0. 


SNaeSO. + K2SO,. + 2MnSO, + 


5CaSO,z + KeSO, + 2MnSQ, + 


NOTES. 


1. Ignitions in electric muffles are far superior to flame ignitions. If an electric 
muffle is not available, flame ignition and the blast lamp may be used. 

2. If a platinum dish is not available, porcelain may be used. A glass container 
positively must not be used. 

3. Instead of strong acid, that of half strength may be used and the heating 
begun at once. 

4, For ordinary control work in the plant laboratory this correction may, 
perhaps, be neglected; the double evaporation must never be neglected. 
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5. Fusion with pyrosulfate is to be avoided on account of the subsequent intro- 
duction of sulfates into the solution. 

6. This precipitate may also contain TiO», P2O;, and Mn;Q,. 

7. Where the iron is present in small quantities it is rather unsatisfactory to 
determine it in the ignited oxides from the 0.5-g. sample. Under these conditions 
the alternative method may be used. 

8. The pyrosulfates are less troublesome and more effective than the bisulfates. 

9. This correction for impurities should not be made when the hydrofluoric 
acid correction of the main silica determination has been omitted. After two 
evaporations, 1 to 2 mg. of silica are still to be found with the R2O; precipitate. 

10. Zinc will also reduce titanium. If this metal is to be determined and ~ 
deducted from Al,0;, then H2S must be used for reduction (boiling out the H2S in 
a stream of CO, before titration). If titanium is not to be determined, the slight 
error introduced by its reduction with zinc is so small as to be negligible except in 
the most exact and detailed analyses. 

11. The gravimetric method must be employed when a recovery of aluminum 
is desired, or when a determination of strontium is contemplated. 

12. Care must be exercised in this washing, as 1000 cc. of boiling water will 
dissolve over 1 cg. of CaC2Ox. 

13. The volumetric method may be used for ordinary control work in the plant 
laboratory. It must be borne in mind that in this method all strontium oxide is 
reported as calcium oxide. 

14. Use not more than 125 cc. for this washing. 

15. The less the amount of magnesium present, the longer the precipitate must 
be allowed to settle. 

16. Made by diluting NH,OH with distilled water until the solution contains 
2% per cent NH; by weight. Three or four drops of HNO; (sp. gr. 1.42) are then 
added. 

17. When manganese is present in the limestone, it will be caught in large 
part with the magnesium precipitate. (See U. S. Geological Survey Bulletin 700, 
p. 134.) In case manganese was not eliminated before this precipitation, the weighed 
pyrophosphate must be dissolved in HNO, tested for manganese with bismuthate, 
the manganese determined and deducted.as Mn.P;0O;. 

18. This determination may be made if desired upon the 0.5-g. sample ignited 
for solution in HCl. See first page of these methods under “ Treatment of Sample.”’ 

19. With burned lime and hydrated lime this determination may be omitted. 
Even when made in an atmosphere free from CO, the dried sample absorbs COs 
sufficiently rapidly during weighing to make the result of questionable value. 

20. Boiling for one minute is usually sufficient. 

21. In limestones very low in phosphorus it may be deemed desirable to con- 
centrate the phosphorus from a considerable weight of sample. In this case, pro- 
ceed as directed by F. Hinden (Zettschr. Anal. Chemie, Vol. 54, p. 214 (1915)), as 
follows: To the nitric acid solution of the large sample add a few drops of Fe;Cle 
solution and then NH,OH until the liquid becomes slightly turbid. Then add 0.5 g. 
of pure precipitated CaCO; and boil for five minutes. Filter, dissolve the preci- 
pitate in dilute HNO; and proceed as above. 

22. Titanium and vanadium, which interfere in this determination, should not 
be encountered in appreciable amounts in this class of material. 

Instead of the specified alkalimetric titration method, the phosphorus in the 
phosphomolybdate may be determined as magnesium pyrophosphate (U. S. Geo- 
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logical Survey Bulletin 700, pp. 178-179), or by the reductor method (A. A. Blair, 
“Chemical Analysis of Iron,’ 8th Edition, pp. 91-92). 

23. The persulfate method may be employed if desired. 

24. The separation of manganese with the R2O3 precipitate by the use of 
bromine is not recommended on account of the incompleteness of the precipitation. 
Separation of manganese by means of ammonium sulfide after the ammonia precipi- 
tation is also undesirable on account of the introduction of the reagent and the 
slimy character of the precipitate. 

See also Note 17 concerning the contamination of magnesium pyrophosphate 
by manganese pyrophosphate and the need of corrective measures when manganese 
is present in the material under analysis. 

25. With high calcium limes, more than 50 cc. of this solution will probably be 
required to titrate the liberated oxalic acid. In such cases the use of a larger burette 
is to be preferred to increasing the strength of the permanganate solution. 

26. The siphon should not extend nearer than 1 in. from the bottom of the 
original bottle. 

27. This solution should be standardized at least once every week. It will be 
found more convenient to make a solution as above described and standardize it 
every week, than to attempt, by boiling and filtering, to make a solution which will 
not change. 

28. Sodium oxalate for standardization of potassium permanganate solution 
should be purchased from the U. S. Bureau of Standards, Washington, D.C. This 
material is sold by the Bureau of Standards as Sample No. 40a. 

29. When the end point is reached, the temperature of the solution should not 
be below 60° C. 


General. 


TENTATIVE METHODS OF SAMPLIN G, INSPECTION, 
PACKING AND MARKING OF QUICKLIME AND 
LIME PRODUCTS! 


Serial Designation: C 50-24 T 


- This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to annual revision. 


IsSUED, 1922; REVISED, 1923, 1924. 


I. METHODS OF SAMPLING 
A. General 


1. (a) Samples of quicklime and lime products shall be taken at 
one of the following places, as may be agreed upon by the contracting 
parties: 

At point of manufacture,.or destination: From conveyors 
delivering to bins or piles, from filled bins by means of sampling 
tubes, from filled bins at the point of discharge, from piles by 
means of sampling tubes or shovels, or from loaded cars. 

(b) All samples shall be taken in triplicate and immediately 
sealed in air-tight moisture-proof containers. 

(c) One sample shall be immediately delivered to the consignee; — 
one sample shall be delivered to the consignor if requested within 10 
days from the date of sampling; the third sample shall be retained 
with seal unbroken until such time as the material has been accepted ~ 
or a referee test called for. 

(d) Samples shall be of an equal weight of not less than 5 lb. each 
when the quantity sampled equals 30 tons or more. For smaller 
quantities, the weights of the samples may be reduced proportionately, 
provided that no sample shall weigh less than 2 lb., except by special 
agreement of the contracting parties. 

(e) If the samples are taken at any place other than the place of. 
manufacture of the material being sampled, such samples shall be 
taken within 24 hours of the receipt of the material. 

(f) Sampling shall be conducted as expeditiously as possible in 
order to avoid undue exposure of the material to the air. 

(g) Samples shall not be taken from the broken packages. 

4 Criticisms of these Tentative Methods are solicited and should be directed to Mr. R. P. Brown, 
Secretary of Committee C-7 on Lime, National Lime Association, 918 G St., N. W., Washington, D. C. 
(246) | 
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B. Lump or Granular Material 


2. (a) In Bulk (Piles or cars).—Material shall be selected so that 
it will represent an average of all parts of the pile or car and shall not 
contain a disproportionate share of the top or bottom layers. This 
material shall comprise at least 10 shovelfuls taken from different 
parts of the pile or car. The total material so taken shall weigh not 
less than 100 Ib. for a 30-ton unit, with a proportionate quantity of 
material for multiples of this unit, provided that at no time shall the 
total amount of material so taken weigh less than 50 lb. It shall be 
broken, if necessary, to pass a 1-in. ring, thoroughly mixed, and quar- 
tered, and the triplicate samples for testing shall be taken from the 
material so drawn and prepared. 

(b) In Bulk (At conveyors to or from bins, piles or cars).—Mate- 
rial shall be taken at regular intervals during the entire time of move- 
ment of the mass being sampled. ‘The quantity to be taken at each 
interval and the number of such intervals shall be so proportioned 
that the final quantity of material taken shall conform to the require- 
ments of Paragraph (a). 

3. In Packages.—At least 2 per cent of the packages shall be 
sampled, the packages to be taken from various parts of the material 
being sampled, and at no time shall less than 5 packages be sampled. 
The contents of each of the packages so taken shall be put in a pile, 
broken, if necessary, to pass a 1-in. ring, thoroughly mixed,and quar 
tered, and the triplicate samples for testing shall be taken from the 
Merial so drawn and prepared. 


C. Powdered Material 


4, (a) In Bulk (Bins, piles or cars).—A sampling tube shall be 

used which takes a core not less than 1 in. in diameter, and which is 
_ of sufficient length to permit the taking of a core from the top to the 
bottom of the mass being sampled. Cores shall be taken from at 
least 10 separate parts of the mass. ‘The cores so taken shall be 
thoroughly mixed and quartered and the triplicate samples for test- 
ing shall be taken from the material so drawn and prepared. A 
minimum quantity of 100 lb. shall be drawn for a unit of 30 tons of 
material with a proportionate quantity of material for multiples of 
this unit, provided that at no time shall less than 50 lb. be drawn as 
the original portion. 

(b) In Bulk (At conveyors to or from bins, piles or cars, at 

packing machines, etc.)—Sampling at conveyors, packing machines, 
etc., shall conform to the provisions of Section 2 (0). 
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5. In packages.—A sampling tube shall be used which takes a 
core not less than 4 in. in diameter. The tube shall be so inserted 
into the package that it will take a core of the material being sampled 
from substantially the entire length of the package. Material thus 
taken from individual packages shall be thoroughly mixed and quar- 
tered, and the triplicate samples for testing shall be taken from the 
material so drawn and prepared. Individual packages shall be taken 
from various parts of the unit being sampled. At least 1.5 per cent 
of the packages shall be sampled, and in no case shall less than 5 
packages be sampled. 


D. Treatment of Sample at Laboratory 


6. The sample as received at the laboratory shall be thoroughly 
mixed, and reduced in quantity by the usual methods of quartering 
to give a minimum portion of 75 g. This portion shall be ground, 
either by a suitable mechanical device, or by hand in an agate mortar, 
until it all passes a No. 100 sieve. It shall then be thoroughly mixed, 
placed in an air-tight container, and used in the determination of the 
chemical composition. 

7. Samples to be used for such special tests as may be required 
by individual specifications shall be obtained by mixing and quarter- 
ing the material remaining after removal of the 75-g. portion for 
chemical analysis. ‘The quantity of sample and the screen size of the 
particles will depend upon the requirements of the individual speci- 


II, INSPECTION 


8. When inspection and sampling are to be conducted at the 
point of manufacture, the manufacturer shall afford the inspector 
representing the purchaser all reasonable facilities for inspection and 
sampling, which shall be so conducted as not to interfere unneces- 
sarily with the operation of the works. ‘The duties of the inspector or 
sampler shall be confined exclusively to sampling and inspection of the 
finished material as ready for shipment, and shall not under any cir- 
cumstances be construed to permit investigation of methods or pro- 
cesses of manufacture. 

Ill. REJECTION 

9. (a) Rejection of material based on failure to pass the tests 
prescribed in the specifications shall be reported within 10 days from 
the taking of samples, and the cause for rejection shall be stated. 

(b) The samples which represent rejected material shall be 
kept in air-tight, moisture-proof containers for at least 5 days from 
the date of the original test report. 
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IV. RETESTING 


10. (a) Either of the contracting parties may make claim for a 
retest within five days of the date of the original test report. The 
expense of the retest shall be borne by the party demanding such 
retest. 
(b). Should the contracting parties be unable to reach a mutually 
satisfactory agreement based upon the results of the original test, the 
third sample of material shall be delivered unopened to a referee 
laboratory for test and the results of this referee test shall be binding 
on both parties. 


V. PACKING 


11. Lump Lime.—Lump lime may be shipped in bulk in carload 
lots, in wooden barrels or steel containers holding 180 lb. or 280 lb. 
net each, or in pasteboard cartons holding 90 lb. net each. 

12. Pulverized Lime.—Pulverized lime may be shipped in bulk, in 
carload lots, or in cloth or paper bags. 

13. Hydrated Lime.—Hydrated lime shall be shipped in cloth bags 
holding 100 lb. net each, or in paper bags holding 50 lb. net each. 


VI. MARKING 


14. Each shipment of material shall carry with it some means of 
identification, stating the particular contract on which the purchase 
and shipment were made. 

15. Each package shall have legibly marked thereon, the net 
weight of its contents, the name of the manufacturer, the place of 
manufacture, and the brand name, if any. This marking shall comply 
with all requirements of the Federal Lime Barrel Act, entitled “An 
Act to Standardize Lime Barrels (Public No. 228-Congress-S 5425),”’ 
and with such other federal or state laws as may be applicable to the 
shipment in question. 

16. In addition to the above information, the following guarantee 
may be marked on each package or shipment: “Guaranteed by (name 
of manufacturer) to meet the specifications of the American Society 
for Testing Materials” for (name of material). 
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RESISTANCE OF FIRE-CLAY BRICK TO SPALLING 
ACTION! 


Serial Designation: C 38-21 T 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption as . 
Standard it is subject to revision. 


IssuEpD, 1921. 


1. The object of this test is to determine the resistance of high- 
duty fire-clay brick to spalling action, by subjecting them to repeated 
rapid temperature changes. 

2. (a) The sample shall consist of at least five standard 9-in. 
brick or of five shapes, which may be cut to standard size with a grind- 
ing wheel. 

(b) Test specimens of shapes such as boiler arch brick shall be 
cut to the standard 9-in. size. For this purpose a “cut-off” wheel is 
recommended. 

(c) The test specimens shall be marked for identification and 
then subjected to a preliminary heat treatment by heating them 
uniformly in a suitable furnace to a temperature of 1400° C. (2552° F.), 
maintaining this temperature for five hours, and then allowing them 
to cool. 

3. (a) The specimens shall be weighed and placed in a door of a 
furnace operated at 1350° C. (2462° F.), care being taken to prevent 
the direct heating of more than the 23 by 4$-in. end. After one hour 
the specimen shall be withdrawn from the furnace and stood on end 
in a tank of flowing cold water from 10 to 21° C. (50 to 70° F.) so that 
the hot end of the brick will be immersed to a depth of 4 in. After 
three minutes the sample shall be withdrawn from the water, allowed 
to steam five minutes and then returned to the furnace. ‘The door 
of the furnace shall be closed while the bricks are out to prevent the 
lowering of the temperature. ‘The alternate heating and cooling 
shall be continued in hourly cycles until the end of the brick spalls off. 


1 Criticisms of this Tentative Method are solicited and should be directed to Mr. F. A. Harvey, - 
Secretary of Committee C-8 on Refractories, United States Refractories Corporation, Mt. Union, Pa. 
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(b) When pieces begin to fall off, the sample is laid on a 4.5 by 
9.0-in. asbestos board, divided into one hundred equal squares, and 
the approximate percentage of loss estimated after each removal 
from the water. After the completion of the test, the brick is again 
weighed and the percentage of loss determined. 

(c) As an alternate for water dipping, air cooling may be used. 
This method should be used where the spalling is too rapid to get 
comparative results by the water dipping method. In this case 
the hot end of the brick shall be placed facing the air blast, 4 in. from 
the end of a 2-in. pipe from a 4-h.p. blower, delivering between 28 
and 30 cu. ft. of air per minute. 

4. The report shall show the number of dips before loss started, Reporting 
the percentage of loss after each cooling, the total number of dips and ®¢sults- 
the final percentage of loss by weight. 


Scope. 


Precautions. 


Apparatus. 


Test 
Specimen. 


Procedure. 


TENTATIVE METHOD 
OF 


SECURING SPECIMENS OF HARDENED CONCRETE 
FROM THE STRUCTURE! 


Serial Designation: C 42-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. 


IssuED, 1921; REVISED, 1925. 


1. The methods and precautions herein specified apply to securing 
test specimens from hardened concrete in the structure. 

2. A specimen from hardened concrete to be tested for strength 
shall not be taken until the concrete has become hard enough so that 
the cutting of the specimen will not disturb the bond between the 
mortar content and the coarse aggregate of the specimen. . 

3. The specimen from the structure can best be secured by use of 
a core drill. For specimens taken perpendicular to a horizontal surface, 
a drill using chilled shot may be used; but when taken perpendicular 
to a vertical surface, a diamond drill should be used. 

4. (a) The core specimen taken shall be as nearly as possible a 
cylinder whose length is twice the diameter. 

(b) In securing a specimen perpendicular to a horizontal surface 
care shall be taken to secure, if possible, a specimen whose beds shall 
be parallel to the horizontal bed of the concrete as originally placed. 

(c) In securing a specimen perpendicular to a vertical surface, 
or to a surface with a batter, care shall be taken as to the point of 
securing the specimen. The lower portion of any one unit of depositing 
in mass concrete is more dense than is the upper portion of the unit, 
therefore a specimen shall be taken from near the middle of such unit 
of deposit. 

4. A specimen to be taken from hardened concrete which has been 
removed from a structure shall be cut out by a drill or shall be cut 
into a symmetrical test-piece by tooling or by sawing. ‘The method 
of sawing can seldom be used to advantage in the field. In selecting 

1 Criticisms of this Tentative Method are solicited and should be directed to Mr. J. C. Pearson, 


Secretary of Committee C-9 on Concrete and Concrete Aggregates, Lehigh Portland Cement Co., 
Allentown, Pa. 
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this test specimen care shall be used to see that the concrete selected 
has not been injured or shattered by the method of its removal from 
the structure. 

5. The specimens secured shall have ends, or beds, as nearly as 
possible perpendicular to its axis, and, if the specimen has ends with 
uneven surfaces, these ends shall be made to parallel plane surfaces with 
a mortar richer than the mortar of the specimen or with a mixture of 
cement and calcined gypsum (plaster of Paris). 

6. In case the dimensions of a specimen are necessarily appre- 
clably different from the recommended shape which requires a 
height twice the diameter, allowance for the ratio of height to 
diameter must be made in determining the strength. When the 
height is more than twice the diameter, that is, when the ratio is 
greater than 2, no correction need be made. For other ratios cor- 
rections should be made as follows: 

RATIO OF HEIGHT OF 


CYLINDER A 
To DIAMETER, g 


er Sweeter ad red ai apie Gas. Sn dion multiply crushing strength by 0.98 
ET BASE. CUE e ae Meni A. A) " i me OLOS 
ees ahi) ar) eh n, LR it ‘f ROLOS 
1 TIGG Sep ee RA eG As a ia 20390 
ROY eho ed ts vs tere eso nd - - ss Ons 
eer DF) I * _ " Hiaak diel 
SU Ope a Daler gos See Saat Ks ne i 28 (E50 


The direction of the application of the load in the compression test 
shall be stated with reference to the direction of the compaction of 
the mass of concrete in the structure, and where it is practicable 
the compression load shall be applied in the same direction. In 
order that the tests be made under uniform conditions as to mois- 
ture content, the test specimens shall be completely submerged in 
water for 48 hours and the compression test shall be made immedi- 
ately thereafter. 


Ends. 


TENTATIVE DEFINITIONS OF TERMS RELATING TO 
LIME? 


Serial Designation: C 51-24 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to annual revision. 


ISSUED, 1922; REVISED, 1924. 


I. 


Quickliime.—A calcined material, the major part of which is 
calcium oxide or calcium oxide in natural association with a lesser 
amount of magnesium oxide, capable of slaking with water. 

Hydrated Lime.—A dry powder obtained by treating quicklime 
with water enough to satisfy its chemical affinity under the condi- 
tions of its hydration. 


NotTe.—It consists essentially of calcium hydroxide or a mixture of calcium 
hydroxide and magnesium oxide and magnesium hydroxide. 


In Bulk.—Lime or lime products are “in bulk” when it or they 
exist en masse in bins, in piles, or in transporting vehicles. 


II. SIZES OF QUICKLIME 


Lump Lime.—Quicklime as it comes from the kilns. 
Lump Lime Screened.—Lump lime after forking or screening to 
remove the portion which will pass a 4-in. sieve. 
Pulverized Lime.—Quicklime which will pass a }-in. sieve. 
1 Criticisms of these Tentative Definitions are solicited and should be directed to Mr. R. P. Brown, 


Secretary of Committee C-7 on Lime, National Lime Association, 918 G St., N. W., Washington, 
D. ‘ey 
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TENTATIVE DEFINITIONS OF TERMS RELATING TO 
THE GYPSUM INDUSTRY! 


Serial Designation: C 11-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to annual revision. 


IsSUED, 1916; REVISED, 1921, 1922, 1923, 1924, 1925. 


Accelerator.—Any material or substance which, when used in stucco, 
plaster, mortar, concrete, etc., will hasten set beyond the limit 
of testing error. 

A ggregate.—Any inert material used as a filler in stucco, plaster, 
mortar, concrete, etc., without regard to its function as a binding 
material. 

Binder.—Any fibrous material which will increase the cohesiveness of 
plaster and stucco while in its plastic state. 

Cement.—Any material, or a mixture of materials (without aggre- 
gate) which becomes plastic upon the addition of water and, 
when in a plastic state, possesses adhesive and cohesive prop- 
erties, and hardens in place. ‘The word “‘cement”’ is used with- 
out regard to the composition of the material and does not 
define its use or location of use as do the words ‘‘stucco,”’ 
“plaster”? and “‘mortar.”’ 

Consistency.—The degree of wetness of a plastic mixture. 

Calcined Gypsum.—Gypsum partially dehydrated by means of heat, 
having the chemical formula CaSO,°$H,O. 

Crushed Gypsum.—Gypsum subjected to a primary crushing operation. 
Gypsum.—Calcium sulfate, combined with two molecules of water, 
in crystallin form, having the chemical formula CaSO,°2H,0O. 
Gypsum Plastering Sand.—The fine granular material naturally or 
artificially produced by the disintegration of rock containing not 
less than 80 per cent by weight of silica, feldspar, dolomite, 

magnesite or calcite. 

Gypsum Plaster Board.—A sheet composed of an incombustible core 
of gypsum, surfaced with paper or other fibrous material which 
is firmly bonded to the core, or with intermediate layers of 
such material within the core, or an incombustible sheet of 


1 Criticisms of these Tentative Definitions are solicited and should be directed to Mr. V. G. Marani, 
Seeretary of Committee C-11 on Gypsum, 844 Rush St., Chisago, Ill. 
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gypsum with not more than 15 per cent by weight of fiber 
intimately mixed; and designed to be used as a lath for the 
reception of gypsum plaster. 

Gypsum Wall Board.—A sheet composed of an incombustible core 
of gypsum, surfaced with paper or other fibrous material which 
is firmly bonded to the core, and designed to be used, without 
the addition of plaster, for walls, ceilings or partitions and 
affording a surface suitable to receive decoration. 

Lath.—A material whose primary function is that of a base or back- 
ground for the reception of plaster or stucco. The word “lath” 
is used without regard to the composition of the material, defin- 
ing only its use. 

Mortar.—Any material used in a plastic state that can be trowelled, 
and becomes hard in place, uniting masonry materials. The 
word ‘‘mortar” is used without regard to the composition of 
the material, defining its use as a bonding material, as con- 
_trasted with the words “stucco” and “plaster.” 

Plaster.—Any material used in a plastic state to form a hard covering 
for the interior surfaces, walls and ceilings, etc., of any building 
or structure. The word ‘plaster’ is used without regard to 
the composition of the material, defining only its use and loca- 
tion of use, as contrasted with the words “stucco” and ‘‘mortar.” 

Plasticity.—The yielding property of a wet mixture to change of form. 

Retarder.—Any material or substance which, when used in stucco, 
plaster, mortar, concrete, etc., will retard set beyond the limit 
of testing error. 

Sized Gypsum.—Crushed gypsum of prescribed diameter of individual 
particles. 

Stucco.—Any material used in a plastic state to form a hard covering 
for the exterior walls or other exterior surfaces of any building 
or structure. The word “‘stucco”’ is used without regard to the 
composition of the material, defining only its use and location 
of use, as contrasted with the words “‘plaster”’ and “mortar.” 

Wood Fiber.—A material produced by grinding or shredding wood. 


TENTATIVE DEFINITION OF THE TERM SAND! 


Serial Designation: C 58-25 T 


This is a Tentative Standard only, published for the purpose of eliciting 
criticism and suggestions. It is not a Standard of the Society and is subject 
to annual revision. 


IssuED, 1924; REVISED, 1925. 


Sand.—The fine granular material resulting from the 
natural disintegration or the crushing of rock or slag. 


Note.—When used without a qualifying adjective it is generally under- 
stood to mean a product of the natural disintegration of siliceous or calcareous 
rock. The size of particle and other physical characteristics should be taken 
care of in specifications and therefore no limits are mentioned in the definition. 


1 Criticisms of this Tentative Definition are solicited and should be directed to Mr. L. R. 
' Ferguson, Chairman of the Sub-Committee, of Committee E-8, on Sand, International 
Cement Corporation, 342 Madison Ave., New York City. 
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TENTATIVE RULES 
FOR 
INSPECTION OF CONCRETE AND REINFORCED 
CONCRETE WORK.! 


Serial Designation: C 44 — 22 T. 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption 
as Standard it is subject to revision. 


ISSUED, 1922. 


Committee C-2 on Reinforced Concrete in presenting these Tentative 
Rules for Inspection of Concrete and Reinforced Concrete Work submits, as a 
guide in selecting the inspector, its recommendations as to his qualifications. 
These recommendations cannot, in fact, form a part of the rules. 


QUALIFICATIONS OF AN INSPECTOR. 


The inspector should have practical experience and an understanding of 
the fundamental engineering principles involved in the construction to which 
he is assigned; he preferably should have had technical training. ‘The inspector 
should keep abreast of developments by reading the engineering and trade press, 
books and monographs on the subject and by attendance at meetings at which 
concrete work is discussed. Concrete and reinforced concrete construction is a 
rapidly-developing art and it is imperative that the inspector should be informed 
as to the most recent improvements, if he is to handle his work intelligently 
and efficiently. 


STATUS OF INSPECTOR. 


1. The word inspector as hereinafter used is a generic term. 
The inspector is the authorized representative of the engineer who is 
the authorized representative of the owner. 


Note.—A grave responsibility rests on the inspector. The success of the con- 
struction may hinge on the proper performance of what may appear to be minor 
features of the work. In case of careless or faulty construction which results in loss 
of life the inspector may be charged with criminal negligence. 


1 Criticisms of these Tentative Rules are solicited and should be directed, preferably before Jan- 
uary 1, 1926, to Mr. Richard L. Humphrey, Chairman of Committee C-2 on Reinforced Concrete, 
805 Harrison Building, Philadelphia, Pa. 
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RESPONSIBILITIES AND GENERAL DUuTIES oF INSPECTOR. 


2. It is the duty of the inspector to see that the work is executed 
in full accordance with the plans and specifications. 

3. The inspector will be provided with complete plans and 
specifications for the work and shall familiarize himself with all their 
requirements. 


Note.—The inspector should read and check off all dimensions and notes on 


the plans and list all special requirements in connection with the work to which 


they apply; when in doubt he should obtain instructions sufficiently in advance of 
the work to avoid delay. 


4. The inspector shall familiarize himself with the Building Code 
or Regulations under which the work is being done, including all 
special rulings, which have a bearing on the type of construction under 
way. 

NotTe.—The inspector should be familiar with auxiliary specifications and the 
common tests for suitability of the materials used in concrete and reinforced con- 
crete work, such as: 

(a) Standard Specifications and Tests for Portland Cement. 

(6) Standard Specifications for Concrete Reinforcement Bars, etc. 


5. The inspector shall be on the work at all times when it is in 
progress. 
6. The inspector shall not permit work to proceed until requisite 
lines and levels have been established. 
7. The inspector is authorized to: 
(a) Forbid use of materials or workmanship which do not 
conform to specifications; 
(b) Stop any work which is not being done in accordance with 
the plans and specifications; 
(c) Require, with the approval of the engineer, the removal or 
repair of faulty construction. 


8. The inspector shall immediately report to his immediate su- 
perior any action taken by him under Rule 7. 

9. The inspector shall report at once to his immediate superior 
any discrepancies in plans or specifications that may come to his 
attention and request instructions. 

10. The inspector shall not permit any departure from plans or 
specifications without written instructions from his immediate superior. — 

11. The inspector shall record and report daily the following 
information: 

(a) Date; 

(b) Location of work under way; 

(c) Name of contractor; 
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(d) Delivery, installation, and removal of contractor’s equipment; 

(e) Number and classification of laborers, teams, plant, etc., 
in use; 

(f) Materials received and on hand; 

(g) Inspection and location of forms erected and completed 
reinforcement in place; 

(hk) Location and approximate quantities of concrete placed 
and bags of cement used; 

(<) Time of commencement and completion of placing concrete; 

(7) Number and location of samples taken; 

(k) Nature and time of any control tests made; 

(7) Forms removed; 

(m) All items on force account work; ; 

(n) Weather conditions, and temperature readings taken 
morning, noon and evening, including also the maximum 
and minimum temperatures during each preceding period; 

(0) Material rejected or work condemned under Rule 7; 

(p) Disposition of rejected materials; 

(g) Any special instructions given to contractor; 

(r) Any unusual features of the day’s work; 

(s) Signature of inspector. 

Norte.—It is not expected that the inspector shall act as time-keeper or materials 
clerk, but will record the data called for and, so far as possible, indicate the source 


of the information. For convenience, the inspector should be supplied with printed 
forms for daily reports. 


12. The inspector shall procure, at the expense of the owner, 
photographs taken at frequent intervals to show the progress of the 
work. 

13. The inspector, on force account work, shall check over with 
the authorized representative of the contractor, at the close of each 
day’s work, all items included therein. 


NotE.—It is desirable to have printed forms on which the above can be reported 
daily and signed by the inspector and by the contractor’s authorized representative. 


EXCAVATION AND FOUNDATION. 


14. The inspector shall examine the finished excavation and 
determine whether it is down to the level specified and see that the 
material on which the foundation is to rest is in accordance with the 
plans and specifications. If excavation is to go to rock he shall see that 
the surface of the rock is sound and completely exposed. He shall 
secure the approval of the engineer before permitting concrete to be 
placed. 
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15. The inspector shall see that the required number of piles are 
driven, each in its proper location and to the penetration required by 
the specifications. 

16. The inspector shall check the piles in each group after driving 
and should report any pile which is materially out of line. He shall 
keep a record of: 


f (a) Method of driving; 
(b) Type of pile; 
(c) Length of pile; 
(d) Diameter of pile; 
(e) Total depth of penetration; 
(f) Type and weight of hammer; 
(g) Drop of hammer under last five blows; 
(h) Penetration of pile under last five blows; 
(t) Number of piles driven; 
(j) Number of piles specified; 
(k) Length of pile under cutoff. 


17. The inspector shall see that there are no pockets in the con- 
crete and that excessive laitance is removed. 

18. The inspector shall see that the requirements of the specifica- 
tions for placing concrete under water are strictly followed. In the 
absence of specifications, standard methods shall be used. 


Note.—In placing concrete under water it is highly important that extra pre- 
cautions be taken by the contractor to execute the work properly in order that the 
concrete may have adequate density, be free from segregations, or the washing out 
of any of the materials, and to avoid exposure of freshly deposited concrete to the 
water. 


MATERIALS. 


19. The inspector shall: 


(a) Inspect and identify each lot of material upon its receipt 
on the work; 

(b) Keep a careful watch of aggregates, especially if the source 
of supply is changed from time to time; 

(c) See that aggregates are clean and properly graded. 

(d) See that aggregates are free from vegetable or animal 
matter as determined by the colorimetric test described 
in the Standard Method of Test for Organic Impurities in 
Sands for Concrete (Serial Designation: C 40) of the 
American Society for Testing Materials.! 

(e) See that materials are properly stored on the work. 


11924 Book of A.S.T.M. Standards. 
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Note.—The cement should be properly piled and tagged; and housed in such 
a manner as to protect it from the weather. 

Aggregates should be piled in such a manner as to insure them against 
intermingling of foreign materials. 

Metal reinforcement should be stored preferably under shelter, 


20. The inspector shall observe the following in selecting samples 
where tests of concrete materials are required under the specifications: 


(a) Secure at least a 20-Ib. sample of fine aggregate; 

(b) Secure at least a 50-lb. sample of coarse aggregate; 

(c) Give complete information concerning the sample (both on 
the inside and on the outside of the package); 

(d2) Samples shall be shipped in a strong sack or tight box; if a 
sack is used it shall be clean. 


NorTe.—Tests on materials are worthless unless sampling is properly done. 
Particular care must be used in sampling aggregates under the following conditions: 

(a) Aggregates in undeveloped pits; 

(b) Coarse aggregate in cars or stock piles; 

(c) Rock in native ledges. 


Note.—The method of selecting test samples shall be as described in the 
Standard Methods of Sampling Stone, Slag, Gravel, Sand, and Stone Block for © 
Use as Highway Materials (Serial Designation: D 75) of the American Society for 
Testing Materials.} 


METAL REINFORCEMENT. 


21. The inspector shall see that the metal reinforcement, before 
being positioned, is cleaned of mill and rust scale, and of coatings of 
any character that may destroy or reduce the bond. He shall reject 
reinforcement appreciably reduced in section. If there is delay in 
depositing concrete he shall re-inspect the reinforcement and when 
necessary shall see that it is cleaned. 

22. The inspector shall see that the required bending of bars is 
uniformly and accurately done. 

Note.—Bends can be more uniformly and accurately made by machine than by 
hand. In case a considerable number of bars are to be bent alike, it is advisable to- 


bend one, put it in position and check the bends before bending the others, to insure 
proper location and degree of bends. 


23. The inspector shall see that the reinforcement is of the 
specified size, bent in accordance with the specifications, and properly 
positioned in the forms before placing the concrete. 

NoTe.—The inspector should not wait until the metal reinforcement has been 


wired substantially in place before passing on the correctness of its position, but 
should inspect the reinforcement during its placing. 


11924 Book of A.S.T.M. Standards. 
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The inspector should inform himself as to the details for the placing of the rein- 
forcement, especially as to size, length, bending, laps, and splices, and in case of 
doubt should secure instructions. 


24. The inspector shall see that the bars are rigidly secured and 
that they are not displaced during the placing of the concrete. 

25. The inspector shall see that all joints and splices in metal 
reinforcement are located and made in full accordance with the 
specifications. 


MIXING AND PLACING OF CONCRETE. 


26. The inspector, in order to secure the proportions and mixing 
required by the specifications, shall: 


(a) Check the capacity of wheelbarrows or other measuring 
devices, and see that the method of loading them will 
secure uniformly the specified proportions; 

(6) Record total quantities of cement and aggregates used; 

(c) See that the specified consistency is maintained throughout 
the work; 

(d) See that the time of mixing is that specified; 

(e) See that changes in proportions and consistency, ordered by 
his immediate superior, are carried out; 

(f) See that the samples required for tests of concrete are 
taken as provided in the Standard Method of Making 
and Storing Specimens of Concrete in the Field (Serial 
Designation: C 31) of the American Society for Testing 
Materials.! 


27. The inspector shall see that the concrete is placed in accord- 
ance with the specifications, and specifically that: 


(a) The method of conveying the concrete is as specified; or 
in the absence of specifications that it is such as to avoid 
segregation or the formation of excessive laitance; 

(b) The concrete is placed in the form as near as possible to 
the point of its final location and is not permitted to flow 
long distances in the form; 

(c) It is properly spaded or tamped so as to fill the forms and 
surround the reinforcement; . 

(d) It is properly spaded or forked to keep the coarse agegre- 
gate away from. the forms so as to insure a smooth 
surface; 
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(e) The concrete is placed continuously without undue delay in 
each unit of the structure; 

(f) Construction joints are made in accordance with the specifi- 
cations; in the absence of specifications, that written 
instructions are obtained from his immediate superior. 

(g) The concrete is poured in a continuous operation between 
construction joints; 

(h) Where night work is necessary, adequate precautions as to 
lighting, etc., are taken; 

(i) All anchor bolts, inserts, pipe sleeves, wiring, drainage pipes, 
flashings, conduits and other ‘ixtures are in position as 
required by the plans and specifications before the concrete 
is placed; and that conduits and other equipment are 
built into the slab in such a manner as not to affect the 
position of metal reinforcement or weaken the member at 
critical sections; 

(j) The specified precautions are strictly observed when it is 

. necessary to place concrete in cold weather; 

(k) A prompt report is made where conditions require additional 
fittings or where installations not called for in the speci- 
fications should be in position before the concrete is 
placed. 


28. The inspector shall see that the freshly-placed concrete is 
protected and kept moist in accordance with the specifications. 


Note.—Proper curing of the concrete is particularly important in floors or 
stairs where the concrete is not entirely covered by forms. This single precaution 
may add as much as 50 per cent to the crushing strength of concrete, greatly increase 
resistance to wear, and prevent ‘‘dusting’’ of floors. 


FORMS. 


29. The inspector shall examine the forms before placing con- 
crete and: 


(a) Check same as to location and dimensions: 

(b) See that the surface of the form is oiled or wetted in accord- 
ance with the specifications; 

(c) Report immediately any seeming lack of strength in forms 
which would permit bulging or sagging between supports; 


Note.—This pressure amounts to over 100 lb. per sq. ft. of surface for each 
foot of depth, where the form is filled in forty minutes or less. It is very difficult 
and usually impossible with the equipment available to force a form back into posi- 
tion after it has shifted or sagged out of place while being filled. 


(d) 
(e) 


50. 


(a) 
(0) 


31. 


(a) 
(0) 


” 
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See that the column and girder forms are straight and 
properly aligned; 

See that foreign materials, such as chips, blocks, and shavings 
are removed from forms before concrete is placed. 


REMOVAL OF FoRMS. 


The inspector shall see that the forms are removed: 


At the time and in the manner required; 
With care so as not to injure the structure or mar the 
surface of the concrete. 


The inspector shall see that: 


The forms are not removed until the concrete has hardened 
sufficiently for safety; 
Special precautions are taken to protect the concrete during 
cold weather; 


Note.—Concrete hardens very slowly at a temperature below 50° F. and setting 
action is scarcely perceptible at temperatures below 40° F. The time during which 
the concrete has been exposed to temperatures below 40° F. should be added to the 
periods stated in the schedule in determining the time of removal of forms. The 
effect of cold weather on the strength of concrete is well illustrated in Bulletin 81 
of the Engineering Experiment Station of the University of Illinois on “Influence of 
Temperature on the Strength of Concrete,’ by A. B. McDaniel. 


(c) 


Any uncertainty as to the conditions affecting the removal 
of forms is promptly reported to his immediate superior; 


(d) Defects in the surface of the concrete are repaired promptly 


(e) 


upon the removal of forms; 
Heavy loading on green concrete is not permitted. 


Properties. 


Solutions 
Required. 


TENTATIVE SPECIFICATIONS 
FOR nhs 
RAW TUNG OIL 


Serial Designation: D 12-25 T 


This is a Tentative Standard only, published for the purpose of eliciting 
criticism and suggestions. It is not a Standard of the Society and until its 
adoption as Standard it is subject to revision. 


ISSUED, 1922; REVISED, 1923, 1925. 
I. PROPERTIES AND TESTS. 
1. Raw tung oil shall conform to the following requirements: 


Maximum. Minimum. 
Specific gravity atiiS.S°/155 0 Joes eee 0.943 0.9400 
Acid number (Alcohol-Benzol) ...............005 8:0: Sia 
Saponification number! Week gt. J. uate a eee 195 190 
Unsaponifiable matter, per cent orii rena. mene 0.7505) Fe Geen 
Refractive index! at’ 2529) SA ware. eee 1.520 1.5165 
Iodine number! (Wijs)i Vegans G20 ee tlanecte a nrtaanineees 163 
Heating test, minutesuy chistes ~ «semen eveereten 12) pCi ee 


Il. METHODS OF TESTING. 
SOLUTIONS REQUIRED. 


2. The following reagents will be required: 

Standard Sodium Thiosulfate Solution.—Dissolve pure sodium 
thiosulfate in distilled water that has been well boiled to free it from 
carbon dioxide in the proportion so that 24.83 g. crystallized sodium 
thiosulfate will be present in 1000 cc. of the solution. It is best to 
let this solution stand for about two weeks before standardizing. 
Standardize with pure resublimed iodine. (See Treadwell-Hall, 
Analytical Chemistry, Vol. II, third edition, p. 646.) This solution 
will be approximately N/10 and it is best to leave it as it is after 
determining its exact iodine value, rather than to attempt to adjust 
it to exactly N/10 strength. Preserve in a stock bottle with a guard 
tube filled with soda lime. 


1 Criticisms of these Tentative Specifications are solicited and should be directed, preferably 
before January 1, 1926, to Mr. R. L. Hallett, Secretary of Committee D-1 on Preservative Coatings 
for Structural Materials, 105 York St., Brooklyn, N.Y. 

These Tentative Specifications are in effect a revision of the Standard Specifications for Purity 
of Raw Tung Oil. The Standard Specifications, which were last published under the Serial 
Designation: D 12 — 16, have accordingly been withdrawn. 
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Starch Solution.—Stir up 2 to 3 g. of potato starch or 5 g. soluble 
starch with 100 cc. of 1-per-cent salicylic acid solution, add 300 to 
400 cc. boiling water, and boil the mixture until the starch is prac- 
tically dissolved. Dilute to 1 liter. 

Potassium Iodide Solution.—Dissolve 150 g. of potassium iodide 
_ free from iodate in distilled water and dilute to 1000 cc. 

Iodine-Monochloride Solution.—Dissolve iodine in glacial acetic 
acid that has a melting point of 14.7 to 15° C. and is free from reducing 
impurities in the proportion so that 13 g. of iodine will be present in 
1000 cc. of the solution. ‘The preparation of the iodine-monochloride 
solution presents no great difficulty, but it shall be done with care and 
accuracy in order to obtain satisfactory results. There shall be in 
the solution no sensible excess either of iodine or more particularly 
of chlorine, over that required to form the monochloride. This 
condition is most satisfactorily attained by dissolving in the whole 
of the acetic acid to be used the requisite quantity of iodine, using a 
gentle heat to assist the solution, if it is found necessary. Set aside 
a small portion of this solution, while pure, and pass dry chlorine into 
the remainder until the halogen content of the whole solution is 
doubled. Ordinarily it will be found that by passing the chlorine 
into the main part of the solution until the characteristic color of free 
iodine has just been discharged, there will be a slight excess of chlorine, 
which is corrected by the addition of the requisite amount of the un- 
chlorinated portion until all free chlorine has been destroyed. A 
slight excess of iodine does little or no harm, but excess of chlorine 
must be avoided. ~ 

Chloroform.—Should be U. S. P. 

Standard Sodium Hydroxide Solution.—Prepare a stock concen- 
trated solution of sodium hydroxide by dissolving NaOH in water in 
the proportion of 200 g. NaOH to 200 cc. water. Allow this solution 
to cool and settle in a stoppered bottle for several days. Decant the 
clear liquid from the precipitate of sodium carbonate into another 
clean bottle. Add clear barium hydroxide solution until no further pre- 
cipitate forms. Again allow to settle until clear. Draw off about 
175 cc. and dilute to 10 liters with freshly boiled distilled water. 
Preserve in a stock bottle provided with a large guard tube filled with 
soda lime. Determine the exact strength by titrating against pure 
benzoic acid (CsH;COOH) using phenolphthalein as indicator.’ (See 
Bureau of Standards Scientific Paper No. 183.) This solution will 
be approximately N/4, but do not attempt to adjust it to any exact 
value. Determine its exact strength and make proper corrections 
in using it. 


Methods of 
Testing. 
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Alcoholic Sodium Hydroxide Solution—Dissolve pure NaOH in 
95-per-cent ethyl alcohol in the proportion of about 22 g. per 1000 cc. 
Let stand in a stoppered bottle. Decant the clear liquid into another 
bottle, and keep well stoppered. This solution should be colorless or 
only slightly yellow when used; it will keep colorless longer if the alco- 
hol is previously treated with NaOH (about 80 g. to 1000 cc.), kept at 
about 50° C. for 15 days, and then distilled. For an alternate method 
see Journal, American Chemical Society, 1906, p. 395. 

Half Normal Sulfuric Acid Solution—Add about 15 cc. H2SO, 
(sp. gr. 1.84) to distilled water, cool and dilute to 1000 cc. Determine 
the exact strength by titrating against freshly standardized NaOH 
or by any other accurate method. Either adjust to exactly N/2 
strength or leave as originally made, applying appropriate correction. 


METHODS. 


3. The oil shall be tested in accordance with the following methods: 

General.—The laboratory sample shall be thoroughly mixed by 
shaking, stirring, or pouring from one vessel to another and the samples 
for the individual tests taken from this thoroughly mixed sample. 

Specific Gravity —Use a pyknometer accurately standardized and 
having a capacity of at least 25 cc., or any other equally accurate 
method, making the test at 15.5° C., water being 1 at 15.5° C. 

Acid Number.—Weigh from 5 to 10 g. of the oil. Transfer to a 
300-cc. Erlenmeyer flask. Add 50 cc. of a mixture of equal parts 
by volume of 95-per-cent ethyl alcohol and c. p. reagent benzol. 
(This mixture should be previously titrated to a very faint pink with 
dilute alkali solution, using phenolphthalein as an indicator). Add 
phenolphthalein indicator and titrate at once to a faint permanent 
pink color with the standard sodium hydroxide solution. Calculate 
the acid number (milligrams KOH per gram of oil). 

Saponification Number.—Weigh about 2 g. of the oil in a 300-cc. 
Erlenmeyer flask. Add 25 cc. alcoholic sodium hydroxide solution. 
Put a condenser loop inside the neck of the flask and heat on the 
steam bath for one hour. Cool, add phenolphthalein as indicator, 
and titrate with N/2 H.SO,. Run two blanks with the alcoholic 
sodium hydroxide solution. ‘These should check within 0.1 cc. N/2 
H.SO,. From the difference between the number of cubic centimeters 
of N/2 H2SO, required for the blank and for the determination, 
calculate the saponification number (milligrams KOH required for 
1 g. of the oil). 

Unsaponifiable Mattey—Weigh 8 to 10 g. of the oil. Transfer 
to a 250-cc. long-neck flask. Add 5 cc. of strong solution of sodium . 
hydroxide (equal weights of NaOH and H,O), and 50 cc. 95-per-cent 
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ethyl alcohol. Put a condenser loop inside the neck of the flask and 
boil for two hours. Occasionally agitate the flask to break up the 
liquid but do not project the liquid onto the sides of the flask. At 
the end of two hours remove the condenser and allow the liquid to 
boil down to about 25 cc. 

Transfer to a 500-cc. glass-stoppered separatory funnel, rinsing 
with water. Dilute with water to 250 cc.,’add 100 cc. redistilled ether. 
Stopper and shake for one minute. Let stand until the two layers 
separate sharp and clear. Draw all but one or two drops of the 
aqueous layer into a second 500-cc. separatory funnel and repeat the 
process, using 60 cc. of ether. After thorough separation draw off the 
aqueous solution into a 400-cc. beaker, then the ether solution into the 
first separatory funnel, rinsing down with a little water. Return the 
aqueous solution to the seond separatory funnel and shake out again 
with 60 cc. of ether in a similar manner, finally drawing the aqueous 
solution into the beaker and rinsing the ether into the first separatory 
funnel. 

Shake the combined ether solution with the accumulated water 
rinsings and let the layers separate sharp and clear. Draw off the 
water and add it to the main aqueous solution. Shake the ether 
solution with two portions of water (about 25 cc. each). Add these 
to the main water solution. 

Swirl the separatory funnel so as to bring the last drops of water 
down to the stopcock, and draw off until the ether solution just fills 
the bore of the stopcock. Wipe out the stem of the separatory 
funnel with a bit of cotton on a wire. Draw the ether solution (por- 
tionwise if necessary) into a 250-cc. flask and distill off. While still 
hot, drain the flask into a small weighed beaker, rinsing with a little 
ether. Evaporate this ether, cool and weigh. 

Notge.—The unsaponifiable oil from adulterated drying oils is volatile and will 
evaporate on long heating. Therefore heat the beaker on a warm plate, occasionally 
blowing out with a current of dry air. Discontinue heating as soon as the odor 
of ether is gone. 

Refractive Index.—Use a properly standardized Abbé refrac- 
tometer at 25° C., or any other equally accurate instrument. 

Iodine Number.—Place a small quantity of the sample in a small 
weighing burette or beaker. Weigh accurately. Transfer by dropping 
from 0.16 to 0.19 g. to a 500-cc. bottle having a well-ground glass 
stopper, or an Erlenmeyer flask having a specially flanged neck for 
the iodine tests. Reweigh the burette or beaker and determine the 
amount of sample used. Add 10 cc. of chloroform. Whirl the bottle 
to dissolve the sample. Add 10 cc. of chloroform to each of two empty 
bottles like that used for the sample. Add to each bottle 25 cc. of the 
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— SPECIFICATIONS — 
A. Beaker Glass, 800 cc, D. Test Tubes; /5cm.x lé.mm,. 


B. Cover Plate (/ron or Wood.) E, Thermometer,~ Small Range. 


C. Collar Support ( Rubber F. Glass Rods, (3mm. with 
Stopper No. 6.) Cork Stoppers.) 


Fic. 1.—Tung Oil Heat Test Apparatus (Revised 1920). 


Note: Collars C may be omitted and tubes supported in present place by aid of wire 
gauze placed in bottom of oil bath and resting on bottom of beaker. 
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Wijs solution and let stand with occasional shaking for 30 minutes 
in a dark place at a temperature of from 21 to 23° C. Add 10 cc. 
of the 15-per-cent potassium iodide solution and 100 cc. of water, and 
titrate with standard sodium thiosulfate using starch as the indicator. 
The titrations on the two blank tests should agree within 0.1 cc. 
From the difference between the average of the blank titration and the 
titration on the samples and the iodine value of the thiosulfate solu- 
tion, calculate the iodine number of the samples tested. (Iodine 
number is given in centigrams of iodine to 1 g. of sample.)! 

Heating Test.—Test tubes containing the oil should be 15 cm. by 
16 mm., with a mark near the bottom to indicate 5 cc., and closed by a 
cork so perforated that a glass rod 3 mm. in diameter can move freely, 

Fill an 800-cc. glass beaker (height, 13 cm.; diameter, 10 cm.). with 
cottonseed oil or soya bean oil to a height.of 7.5 cm. Place a thermo- 
meter so as to be 1.5 cm. from the bottom of the bath. (See Fig. 1.) 

Use a nitrogen-filled, chemical thermometer; engraved stem; 
total length 4 to 44 in., graduated from 210 to 310° C. in 2° inter- 
vals; the length between 210 and 310° C. not less than 23 in. 
Thermometer glass shall be well annealed. 

When the bath temperature is 293° C. (560° F.) and very slowly 
rising at this point, place the tube containing 5 cc. of the oil to be tested 
and the tube containing 5 cc. of a control sample of known value, so 
that the bottom of each tube is level with the lowest part of the bulb of 
the thermometer. If desired, the collars C may be omitted and the 
tubes allowed to rest upon a piece of wire gauze placed in the bottom 
of the oil bath so that the tubes will be 1.5 cm. from the bottom of the 
bath. Note the time. Remove the source of heat for about 45 seconds 
and then reapply. Before 2 minutes have elapsed the temperature of 
the bath will have fallen to 282° C. (530° F.), at which point it should 
be kept as steady as possible. When the samples have been in the bath 
9 minutes, raise the glass rods at intervals of minute. Note the time 
when each sample becomes firmly set. At this period the oil will be 
so stiff that the entire tube may be lifted by aid of the rod if the collar 
C is omitted from the apparatus. As setting or jellying takes place 
within a few seconds of fluidity, a good end determination is afforded. 
Remove the specimens. Heat the bath again to 293° C., and repeat 
the experiment with fresh portions of the sample. 

No stirrer is used in the bath. A screen around the bath enables 
the temperature to be more easily reached. When the bath oil has 
become tarry and viscid, it should be renewed; otherwise heating 
may be irregular. | 


1Tt is always well to include a test on a sample of tung oil of known iodine value. This may 
be kept in a dark-colored bottle as a standard. 


v 
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Quality Test.\—Into an ordinary agateware casserole, having a 
bottom diameter of 3 in., weigh 150 g. of the tung oil to be tested, 
and set the casserole on a wide-flanged tripod having a 3-in. opening. 
The object of the flange is to prevent super-heating of the sides of the 
casserole. Heat rapidly with a full Bunsen flame, stirring with a 
thermometer, until the heat reaches 540° F. (282.2° C.). Turn down 
the flame and hold the heat as near 540° F. (282.2° C.) as possible, 
stirring with the thermometer, until on lifting the latter the oil drops 
with a pronounced string, showing that polymerization has started. 
The time required after reaching 540° F. (282.2° C.) until the string 
is noted, is the time of the heat test. For pure tung oils this will 
not exceed eight minutes. As soon as the oil strings, remove the lamp 
and the thermometer, and stir with a stiff spatula until the oil is solid. 
After stringing, a pure tung oil will require not over 40 seconds more 
to become solid. When solid, allow to stand just one minute, then 
turn out, upside down, on clean paper and cut with a clean spatula. 
Pure tung oil gives a gel that is dry, not adhering to the spatula when 
cut, that is firm, crumbling under pressure of the spatula without 
sticking, and the cut portions should crumble under pressure like dry 
bread crumbs. Adulterated tung oil gives a gel that is soft, sticky, 
and which will not crumble. 


III. SAMPLING 
The method of sampling given under Method (a) below shall be 
used whenever it is feasible to apply it. ‘To meet conditions when (a) 
is not applicable, method (0) or (c) shall be used, according to the 
special conditions that obtain. 


(a) During Loading of Tank Cars or Filling of Containers for 
Shipment.— | 
The purchaser’s inspector shall draw a sample at the discharge 
pipe where it enters the receiving vessel or vessels. ‘The total sample 
shall be not less than 1 gal. per each tank car or 10,000 gal. equivalent, 
and shall be a composite of small samples of not more than 1 pt. each 
taken at regular intervals during the entire period of loading or 
filling. 
The sample thus obtained shall be thoroughly mixed, and fro 
this composite sample three portions of not less than 1 qt. each shall 
be placed in clean, dry glass bottles or tin cans, which must be filled 
with the sample and securely stoppered with new clean corks or 
well-fitting metal covers or caps. ‘These shall be sealed and labeled 
distinctly by the inspector, one delivered to the buyer, one to the 
seller, and the other held for check in case of dispute. 


1 Furnished by R. S. Worstall. 
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(b) From Loaded Tank Cars or Other Large Vessels.— 

The total sample shall be not less than 1 gal. per each tank car 
or 10,000 gal. equivalent, and shall be a composite of numerous small 
samples of not more than 1 pt. each, taken from the top, bottom, and 
intermediate points by means of a glass or metal container with remov- 
able stopper or top. This device attached to a suitable pole is low- 
ered to various desired depths when the stopper or top is removed 
_ and the container allowed to fill. The sample thus obtained shall be 
handled as in Method (a). For large shipments in freighters ranging 
from 400 to 1000 tons, first draw samples from the top and bottom of 
both port and starboard sections of the tank. ‘These samples shall be 
visually examined, and if the general appearance gives indications 
that the oil is satisfactory, pumping shall be started and 1-pt. samples 
drawn from a bleeder in the discharge line at least once in every thirty 
minutes, so that the total mixed sample amounts to as many gallons 
as there are units of 10,000 gal. in the cargo. These individual 
samples are composited to make one uniform sample representative 
of the entire cargo and this is handled as in Method (a). 


(c) Barrels and Drums.— 

Not less than 10 per cent of the packages in any shipment or 
delivery of barrels and drums shall be sampled. The packages shall 
be shaken, rolled, and stirred to thoroughly mix the contents. The 
samples from the individual containers shall be taken through the 
bung hole or holes not less than 14 in. in diameter bored in the head 
or side for the purpose. ‘The apparatus for drawing the sample shall 
consist of a glass tube (known as a thief) about 1 in. in diameter and 
somewhat longer than the length or diameter of the oil container, 
a conical stopper that will fit the glass tube and is not more than 
4 in. in length, fastened to a stiff metal rod not more than ¢ in. in 
diameter and not less than 4 in. longer than the glass tube. The 
stopper is lowered by the rod until it rests on the bottom of the cask, 
the tube slipped down slowly over the rod, and finally pressed on 
the stopper. By holding the tube and. the rod, the column of oil can 
then be removed. ‘This process is repeated until the required amount 
of sample is obtained, which shall be not less than 1 gal. ‘This is 
mixed and handled as in Method (a). During the winter when the 
oil is very often in a solid condition, the same procedure should be 
followed, replacing the thief with a tallow trier, which is essentially 
a graduated piece of steel tubing semi-circular in cross-section and 
about 3 ft. long. This is pushed into the oil, turned a few times and 
withdrawn, thereby removing a solid core of oil. 


TENTATIVE SPECIFICATIONS 
FOR 
SOYA BEAN OIL, RAW OR REFINED! 


Serial Designation: D 124-22 T 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption 
as Standard it is subject to revision. 


IssuED, 1922. 


I, PROPERTIES AND TESTs. 


Dropeities: 1. Soya bean oil, raw or refined, shall conform to the following 
requirements: 
MAXIMUM. MINIMUM. 
Foots, perecen bri ite euaig Maem Mae aes or SAW rey 29 
Loss on heating at 105 to 110° C., percent... 0.2 8 
Specific pravity jat\15,5°/15,5°00t Fi poles anion 5 0.924 
Acid number cy, Oso 00 uk ee eee ene ene a0 ee 
mapovuiication Mumba. |. Verne Mico) se pad cate ery 190 
Todine' number (ddantis) 2 Wee es. ee A 128 
Unsaponifiable matter, per cent............. 1.5 ait 
Colonia sta aiea hie maar re ae ey teen Not darker than a freshly 


prepared solution of 1.0¢g. 
potassium bichromate in 
100 ce. pure H2SO, (sp. 
gr. 1.84). 


II. METHODS OF TESTING. 


SOLUTIONS REQUIRED. 


Solutions 2. The following reagents will be required: 
Sy a Acetone that will pass the specification of the United States 
Pharmacopoeia. 


Acid Calcium Chloride Solution.—Saturate with calcium chloride 

a mixture of 90 parts water and 10 parts HCl (sp. gr. 1.18). @ 
Standard Sodium Thtosulfate Solution—Dissolve pure sodium 
thiosulfate in distilled water that has been well boiled to free it from 
1Criticisms of these Tentative Specifications are solicited and should be directed, preferably 


before January 1, 1926, to Mr. R. L. Hallett, Secretary of Committee D-1 on Preservative Coatings 
for Structural Materials, 105 York St., Brooklyn, N. Y. 
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carbon dioxide in the proportion so that 24.83 g. crystallized sodium 
thiosulfate will be present in 1000 cc. of the solution. It is best to 
let this solution stand for about two weeks before standardizing. 
Standardize with pure resublimed iodine. (See Treadwell-Hall, 
Analytical Chemisiry, Vol. II, third edition, p. 646.) This solution 
will be approximately N/10 and it is best to leave it as it is after 
determining its exact iodine value, rather than to attempt to adjust 
it to exactly N/10 strength. Preserve in a stock bottle with a guard 
tube filled with soda lime. . 

Starch Solution.—Stir up 2 to 3 g. of potato starch or 5 g. soluble 
starch with 100 cc. of 1-per-cent salicylic acid solution, add 300 to 
400 cc. boiling water, and boil the mixture until the starch is prac- 
_ tically dissolved. Dilute to 1 liter. 

Potassium Iodide Solution.—Dissolve 150 g. of potassium iodide 
free from iodate in distilled water and dilute to 1000 cc. 

Hanus Solution. —Dissolve 13.2 g. of iodine in 1000 cc. of glacial 
acetic acid (99.5-per-cent) that will not reduce chromic acid. Add 
enough bromine to double the halogen content, determined by titra- 
tion (3 cc. of bromine is about the proper amount). The iodine may 
be dissolved by the aid of heat, but the solution should be cold when 
the bromine is added. 

Standard Sodium Hydroxide Soluiion.—Prepare a stock concen- 
trated solution of sodium hydroxide by dissolving NaOH in water in 
the proportion of 200 g. NaOH to 200 cc. water. Allow this solution 
to cool and settle in a stoppered bottle for several days. Decant the 
clear liquid from the precipitate of sodium carbonate into another 
clean bottle. Add clear barium hydroxide solution until no further 
precipitate forms. Again allow to settle until clear. Draw off about 
175 cc. and dilute to 10 liters with freshly boiled distilled water. 
Preserve in a stock bottle provided with a large guard tube filled with 
soda lime. Determine the exact strength by titrating against pure 
benzoic acid (CsH;COOH) using phenolphthalein as indicator. (See 
Bureau of Standards Scientific Paper No. 183.) This solution will 
be approximately N/4, but do not attempt to adjust it to any 
exact value. Determine its exact strength and make proper correc- 
tions in using it. i 

Alcoholic Sodium Hydroxide Solution.—Dissolve pure NaOH in 
95-per-cent ethyl alcohol in the proportion of about 22 g. per 1000 cc. 
Let stand in a stoppered bottle. Decant the clear liquid into another 
bottle, and keep well stoppered. This solution should be colorless or 
only slightly yellow when used; it will keep colorless longer if the alco- 
hol is previously treated with NaOH (about 80 g. to 1000 cc.), kept at 


Methods of 
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276 TENTATIVE SPECIFICATIONS FOR SOYA BEAN OIL. 


about 50° C. for 15 days, and then distilled. For an alternate method 
see Journal, American Chemical Society, 1906, p. 395. 

Half Normal Sulfuric Acid Solution—Add about 15 cc. H2SO, 
(sp. gr. 1.84) to distilled water, cool and dilute to 1000 cc. Determine 
the exact strength by titrating against freshly standardized NaOH 
or by any other accurate method. Either adjust to exactly N/2 
strength or leave as originally made, applying appropriate correction. 


METHODS. 


3. The oil shall be tested in accordance with the following methods: 

General——The laboratory sample shall be thoroughly mixed by 
shaking, stirring, or pouring from one vessel to another and the 
samples for the individual tests taken from this thoroughly mixed’ 
sample. 

Loss on Heating at 105 to 110° C.—Place 10 g. of the oil in an 
accurately weighed 200-cc. Erlenmeyer flask; weigh. Heat in an 
oven at a temperature between 105 and 110° C. for 30 minutes; cool 
and weigh. Calculate the percentage loss. ‘This determination shall 
be made in a current of dry carbon dioxide gas. 

Foots.—With all materials at a temperature between 20 and 27° C., 
mix, by shaking in a stoppered flask for exactly one minute, 25 cc. of 
the well-shaken sample of oil, 25 cc. of acetone and 10 cc. of the acid 
calcium chloride solution. Transfer the mixture to a burette where 
settling can take place for 24 hours. The temperature during this 
period should be between 20 and 27° C. 

The volume of the stratum lying between the clear calcium- 
chloride solution and the clear acetone and oil mixture is read in 
tenths of a cubic centimeter or a fraction thereof. This reading mul- 
tiplied by four expresses the amount of foots present as percentage by 
volume of the oil taken. 

Specific Gravity—Use a pyknometer accurately standardized and 
having a capacity of at least 25 cc., or any other equally accurate 
method, making the test at 15.5° C., water being 1 at 15.5° C. 

Acid Number.—Weigh from 5 to 10 g. of the oil. Transfer to a 
300-cc. Erlenmeyer flask. Add 50 cc. of neutral 95-per-cent ethyl 
alcohol. Put a condenser loop inside the neck of the flask. Heat 
on a steam bath for 30 minutes. Cool and dd phenolphthalein 
indicator. ‘Titrate to a faint permanent pink color with the standard 
sodium hydroxide solution. Calculate the acid number (milligrams 
KOH per gram of oil). 

Sapontfication Number.—Weigh about 2 g. of the oil in a 300-cc. 
Erlenmeyer flask. Add 25 cc. alcoholic sodium hydroxide solution. 
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Put a condenser loop inside the neck of the flask and heat on the 
steam bath for one hour. Cool, add phenolphthalein as indicator, 
and titrate with N/2 H,SO,y. Run two blanks with the alcoholic 
sodium hydroxide solution. ‘These should check within 0.1 cc. N/2 
H.SO,. From the difference between the number of cubic centimeters 
of N/2 H.SO, required for the blank and for the determination, 
calculate the saponification number (milligrams KOH required for 
1g. of the oil). 

Unsaponifiable Matter —Weigh 8 to 10 g. of the oil. Transfer 
to a 250-cc. long-neck flask. Add 5 cc. of strong solution of sodium 
hydroxide (equal weights of NaOH and H,0), and 50 cc. 95-per-cent 
ethyl alcohol. Put a condenser loop inside the neck of the flask and 
boil for two hours. Occasionally agitate the flask to break up the 
liquid but do not project the liquid onto the sides of the flask. At 
the end of two hours remove the condenser and allow the liquid to 
boil down to about 25 cc. 

Transfer to a 500-cc. glass-stoppered separatory funnel, rinsing 
with water. Dilute with water to 250 cc., add 100 cc. redistilled ether. 
Stopper and shake for one minute. Let stand until the two layers 
separate sharp and clear. Draw all but one or two drops of the 
aqueous layer into a second 500-cc. separatory funnel and repeat the 
process using 60 cc. of ether. After thorough separation draw off the 
aqueous solution into a 400-cc. beaker, then the ether solution into the 
first separatory funnel, rinsing down with a little water. Return the 
aqueous solution to the second separatory funnel and shake out again 
with 60cc. of ether in a similarmanner, finally drawing the aqueous solu- 
tion into the beakerand rinsing the ether into the first separatory funnel. 

Shake the combined ether solution with the accumulated water 
rinsings and let the layers separate sharp and clear. Draw off the 
water and add it to the main aqueous solution. Shake the ether 
solution with two portions of water (about 25 cc. each). Add these 
to the main water solution. 

Swirl the separatory funnel so as to bring the last drops of water 
down to the stopcock, and draw off until the ether solution just fills 
the bore of the stopcock. Wipe out the stem of the separatory 
funnel with a bit of cotton on a wire. Draw the ether solution (por- 
tionwise if necessary) into a 250-cc. flask and distill off. While still 
hot, drain the flask into a small weighed beaker, rinsing with a little 
ether. Evaporate this ether, cool and weigh. 

NotE.—The unsaponifiable oil from adulterated drying oils is volatile and will 
evaporate on long heating. Therefore heat the beaker on a warm plate, occasionally 


blowing out with a current of dry air. Discontinue heating as soon as the odor 
of ether is gone. 
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Hanus Iodine Number.—Place a small quantity of the sample in a 
small weighing burette or beaker. Weigh accurately. ‘Transfer by 
dropping about 0.15 g. (0.10 to 0.20 g.) to a 500-cc. bottle having a well- 
ground glass stopper, or an Erlenmeyer flask having a specially flanged 
neck for the iodine test. Reweigh the burette or beaker and determine 
the amount of sample used. Add 10 cc. of chloroform. Whirl the 
bottle to dissolve the sample. Add 10 cc. of chloroform to each of two 
empty bottles like that used for the sample. Add to each bottle 25 cc. 
of the Hanus solution and let stand with occasional shaking for one- 
half hour. Add 10 cc. of the 15-per-cent potassium iodide solution 
and 100 cc. of water, and titrate with standard sodium thiosulfate 
using starch as indicator. ‘The titrations on the two blank tests should 
agree within 0.1 cc. From the difference between the average of the 
blank titration and the titration on the samples and the iodine value 
of the thiosulfate solution, calculate the iodine number of the samples 
tested. (Iodine number is centigrams of iodine to 1 g. of sample.) 
Color.—Prepare a fresh solution of pure potassium bichromate in 
pure colorless H,SO, (sp. gr. 1.84). This solution should be in the 
proportion of 1.0 g. potassium bichromate to 100 cc. (184.0 g.) HeSQO,. 
Place the oil and colored solution in separate thin-walled, clear glass 
tubes of the same diameter (1 to 2 cm.) to a depth of not less than 2.5 
cm. and compare the depths of color by looking transversely through 
the columns of liquid by transmitted light. 
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FOR 
FOOTS PERMISSIBLE IN PROPERLY CLARIFIED 
PURE RAW LINSEED OIL FROM NORTH 
AMERICAN SEED! 


Serial Designation: D51-—-18 T 


This is a Tentative Standard only, published for the purpose of eliciting 
criticism and suggestions. It is not a Standard of the Society and until its 
adoption as Standard it is subject to revision. 


IssuED, 1918. 


I, PERCENTAGE OF FOOTS.. 


1. The amount of foots in properly clarified pure raw 
linseed oil from North American seed, as determined by the test 
specified below, shall not exceed 2 per cent by volume. 


II. METHOD OF DETERMINATION. 


2. The following reagents are required: 

(a) Acetone that will pass United States Pharmacopceia 
specifications. 

(6) Acid CaCl, solution, made by saturating with CaCl, 
a mixture of 90 parts water and 10 parts concentrated HCl, 
sp. gr. 1.2, at room temperature. 

3. With all materials at a temperature between 70 and 
80° F., mix by. shaking in a stoppered flask for exactly one 
minute, 25 cc. of the well-shaken sample of oil, 25 cc. of acetone 
and 10 cc. of the acid CaCl solution. Transfer the mixture 
to a burrette where settling can take place for 24 hours. The 
temperature during this period should be between 70 and 80° F. 

The volume of the strata lying between the clear calcium- 
chloride solution and the clear acetone and oil mixture is read 
in tenths of a cubic centimeter or a fraction thereof. This 
reading multiplied by four expresses the amount of foots present 
as percentage by volume of the oil taken. 


1 Criticisms of these Tentative Specifications are solicited and should be directed, prefer- 
ably before January 1, 1926, to Mr. R. L. Hallett, Secretary of Committee D-1 on Preservative 
Coatings for Structural Materials, 105 York St., Brooklyn, N. Y. 
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Percentage of 
Foots. 


Reagents 
Required. 


Operation. 


TENTATIVE SPECIFICATIONS 
FOR 


PURITY OF RAW LINSEED OIL FROM SOUTH 
AMERICAN SEED. 


Serial Designation: D 77-21 T. 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. 


IssuED, 1921. 


I. PROPERTIES AND TESTS. 


Properties. 1. Properly clarified raw linseed oil from South American seed 


shall conform to the following requirements: 
Maximum. MINmMuM. 


Specific Gravity atil3:57/ 15.511 Gee aac eee 0.9360 0.9310 
Acid Number, .: Sav os hele ote ees a hee ie eee 6.00 <) eee 
Saponification Number. i3...5 5% 45+ ok ee 195 189 
Unsaponifiable Matter, per cent.............¢. 1.50" 7 ee 
Refractive Index at 252) Cztiwaun Lekew keene 1.4805 1.4780 
Iodine: Number (Ranus) oo cae cea ie san ee eee 170 


II. METHODS OF TESTING. 


Methods of 2. The oil shall be tested in accordance with the methods recom- 
Testing. mended in Section 2 of the Standard Specifications for Purity of Raw 
Linseed Oil from North American Seed (Serial Designation: D 1) 

of the American Society for Testing Materials.’ 
1 Criticisms of these Tentative Specifications are solicited and should be directed, preferably 
before January 1, 1926, to Mr. R. L. Hallett, Secretary of Committee D-1 on Preservative Coatings for 


Structural Materials, 105 York St., Brooklyn, N. Y. 
21924 Book of A.S.T.M. Standards. 
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TENTATIVE SPECIFICATIONS 
FOR 


PURITY OF BOILED LINSEED OIL FROM SOUTH 
AMERICAN SEED: 


Serial Designation: D 78-21 T. 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. 


IssuED, 1921. 


I. PROPERTIES AND TESTS. 


1. Boiled linseed oil from South American seed shall conform Properties. 
to the following requirements: 


MaxXIMUM MINIMUM 
Bec iC Nata vit yal 15.5 | momen as 5 .e sola a o's 0.945 0.936 
SPC e AIT DOr sy ites ata eens foe csc eae aay « SPO0 writ Lintyuie ce 
DBapooiuicawois Number. omental sy. 6) «siete x aisld- 195 189 
Unsaponifiable Matter, per cent .............. ESO PM te eras 
Tee racuve nuex at 25, Coneietins oO. ois idea ee 1.4840 1.4780 
Pre a Nai er ( Pantie arene ete e cy eles | Sars ape 168 
ERIE Se COR Gay fu c's clare CPEB cies coe cys tae Or, Ge2 
UALR AMIESE, TCT CONC. s He Meee G Sh «cscs Sete meshes 0.03 
MEIER Pel CONG «mcs ch UE eee cus aca ae DRS A oy Cae WiRitedre a de 
POO INOT CCDs 2). cs le PME eI Rie Gs «a devele eee ve 0.1 


II]. METHODS OF TESTING. 

2. The oil shall be tested in accordance with the methods recom- Methods of 
mended in Section 2 of the Standard Specifications for Purity of Tee 
Boiled Linseed Oil from North American Seed (Serial Designation: 

D 11) of the American Society for Testing Materials.” 
1 Criticisms of these Tentative Specifications are solicited and should be directed, preferably before 
January 1, 1926, to Mr. R. L. Hallett, Secretary of Committee D-1 on Preservative Coatings for 


Structural Materials, 105 York St., Brooklyn, N. Y. 
21924 Book of A.S.T.M. Standards. 
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Grades. 


Properties. 


TENTATIVE SPECIFICATIONS 
FOR 
DRY BLEACHED SHELLAC! 


Serial Designation: D 207-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to annual revision. 


IssuED, 1925 


I. GRADES 


1. Dry bleached shellac? shall be furnished in two grades, namely, 
regular and refined.’ 


II, PROPERTIES AND. TESTS 


2. Dry bleached shellac shall conform to the following require- 
ments: 


REGULAR REFINED 
Lodine number, maxtmigii: 005.5 see tee eerie a ee 10 10 
Matter insoluble in hot alcohol, maximum......... 1.0 per cent 0.2 per cent 
Moisture) maxim tin a a name tnd hee 5.0 if 5.0 iy 
Was es arr ok, mec ea a ae, ere ae es: ry 0.2 - 
Matter soluble in water, maximum..........0...2- 1.0 ny (On) vs 
0:3 5 


AShimaximund (le. SUS see Ua ee, Cee nr 1.0 a 


Ill. METHODS OF TESTING 


3. The determination of iodine number, matter insoluble in hot 
alcohol and moisture shall be made in accordance with the Standard 
Methods of Testing Shellac (Serial Designation: D 29) of the American 
Society for Testing Materials.‘ 

4. The determination of wax shall be made in accordance with 
the Standard Method of Test for Determination of Wax in Shellac 


1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. R. L, 
Hallett, Secretary of Committee D-1 on Preservative Coatings for Structural Materials, 105 York St.. 
Brooklyn, N. Y. 

2 This material is white shellac. It is also known as ‘‘bonedry,” ‘‘vacdry” or “‘kilndried’’ bleached 
shellac. 

3 Refined bleached shellac has been treated in the process of manufacture so as to remove prac- 
tically all wax and matter insoluble in hot alcohol. 

41924 Book of A.S.T.M. Standards. 
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Sige: 


SERIAL DESIGNATION: D 207-25 T 283 


(Serial Designation: D 29) of the American Society for Testing 
Materials.! 

5. The determination of matter soluble in water shall be made as 
follows: 

Ten to twenty-five grams of dry shellac shall be ground so that 
100 per cent shall pass through a No. 20 sieve (840 micron opening). 
The shellac shall be placed in a 250-cc. beaker or flask and 100 cc. of 
distilled water added. It shall be stirred thoroughly, covered with 
a watch glass and permitted to stand at room temperature (21° C.) 
for four hours, with occasional stirring. 

It shall be decanted through a 12.5-cm. filter paper into a weighed 
evaporating dish, washing the shellac and filter with at least 50 cc. 
more of water. It shall be evaporated and the extract dried at 105° C. 
for one hour or more to constant weight. ‘The increase in weight 
shall be reported as the water-soluble extract. 

6. The determination of ash shall be made as follows: 

Approximately 2 to 3 g. of the sample shall be accurately weighed, 
transferred to a weighed porcelain or platinum crucible and ignited 
at as low a temperature as possible until all organic matter has been 
destroyed. ‘The crucible and contents shall be cooled and weighed 
and the percentage of ash calculated. 


1A.S.T.M. Standards Adopted in 1925. 


Scope. 


Process. 


Composition and 
Properties. 


TENTATIVE SPECIFICATIONS 
FOR 


IRON OXIDE AND IRON HYDROXIDE! 


P Serial Designation: D 84-25 T 


This is a Tentative Standard only, published for the purpose of eliciting 
criticism and suggestions. It is not a Standard of the Society and until its 
adoption as Standard it is subject to revision. 


ISSUED, 1921; REVISED, 1924, 1925. 


1. These specifications cover iron oxide and iron hydroxide 
pigments of red and brown colors. 


I. MANUFACTURE. 


2. (a) Dry Pigment—The pigment shall be very finely 
ground iron oxide or iron hydroxide or a mixture thereof. 
Siliceous minerals may be present and, if necessary, sufficient 
carbon pigment may be added to produce the desired color. 

(b) Paste-——The paste shall be made by thoroughly grinding 
the specified pigment with pure raw or refined linseed oil. 


II. PROPERTIES AND TESTS. 


3. (a) Dry Pigment.—The pigment shall conform to the fol- 


lowing requirements: 
Maximum. MINIMUM. 


Ferric oxide, per cent.c. vis o.nj.s <. Csiwils eae aie 30.0 
Material other than ferric oxide, insoluble sili- 
ceous matter and loss on ignition, per cent.. 10.0 nea 

Coarse particles retained on a Standard No. 325 
BSOTGOILOELECEN Gc oi eile te einne tc Se aly ete tace oats 3.0 


Organic coloring matters shall be absent. 


1 Criticisms of these Tentative Specifications are solicited and should be directed, prefer- 
ably before January 1, 1926, to Mr. R. L. Hallett, Secretary of Committee D-1 on Preserva- 
tive Coatings for Structural Materials, 105 York St., Brooklyn, N. Y. 

2For determining coarse particles, screens 3 in. in diameter are recommended. The 
screen cloth is described as follows: No. 325 cloth of the U. S. Standard Sieve Series should 
be made of wire 0.036 mm. (0.0014 in.) in diameter, a tolerance of 15 per cent under and 35 per 
cent over being allowed on this diameter. The average opening between adjacent parallel 
wires should be 0.044 mm. (0.0017 in.) the tolerance being 8 per cent with the additional limi- 
tation that the maximum opening shall not exceed 0.044 mm. by more than 90 per cent. 
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The color and color strength, when specified, and the 
drying time with a vehicle which has been mutually agreed 
on, shall be equal to those of an agreed sample. 

(b) Paste-——The paste as received and three months there- 
after shall not be caked in the container and shall break up 
readily in linseed oil to form a smooth paint of brushing con- 
sistency. It shall mix readily with linseed oil, turpentine or 
volatile mineral spirits, or any combination of these, without 
curdling. 

The paste shall conform to the following requirements: 


Maximum. MINIMUM. 


Pigment percent ja) ative il (Saw litaves 72.0 68.0 
Paticeeth oll, Der Celt. gc ter te hie ts ni ordd's «ase 32.0 28.0 
Moisture and other volatile matter, per cent.. 0.7 


Coarse particles and skins (total residue re- 
tained on a Standard No. 325 screen,! based 
Grr Digimient), Per Cer tyeaaie sec ws u's Us oye e's 325 


4. One sample shall be taken at random from each lot of 
1000 packages or less. If the packages are of such size that 
1000 packages amount to more than a carload, one sample shall 
be taken at random from each carload. 


1For determining coarse particles, screens 3 in. in diameter are recommended. The 
screen cloth is described as follows: No. 325 cloth of the U. S. Standard Sieve Series should 
be made of wire 0.036 mm. (0.0014 in.) in diameter, a tolerance of 15 per cent under and 35 per 
cent over being allowed on this diameter. The average opening between adjacent parallel 
wires should be 0.044 mm. (0.0017 in.), the tolerance being 8 per cent with the additional limi- 
tation that the maximum opening shall not exceed 0.044 mm. by more than 90 per cent. 


Number of Tests 


TENTATIVE SPECIFICATIONS 
FOR 
LITHOPONE! 


Serial Designation: D 208-25 T 


» 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and:suggestions. It is not a Standard of the Society and is subject to annual revision. 


IsSUED, 1925. 


Scope. 1. These specifications cover the pigment consisting of zinc sul- 
fide and barium sulfate, commercially known as lithopone. The 
pigment may be purchased in the dry form or ground in oil to form a 
paste. 


I. MANUFACTURE 


Process. ‘2. (a) Dry Pigment.—The pigment shall be made by suitable 
treatment of a mixture of precipitated zinc sulfide and precipitated 
barium sulfate. 

(b) Paste-—The paste shall be made by thoroughly grinding the 
specified pigment with pure raw or refined linseed oil. 


II. PROPERTIES AND TESTS 


Composition 3. (a) The behavior on exposure to light, the mixing properties 
ang Proper- with an approved vehicle, the final consistency with this vehicle and 
the color shall be equal to, and the brightness and tinting strength 

(or hiding power) shall be not less than, those of a sample, mutually 

agreed on by buyer and seller. | 

(b) Dry Pigment.—The dry pigment shall meet the following 


requirements: | 
MAXIMUM MINIMUM 

Coarse particles and skins (total residue retained 

on a standard No. 325 screen), per cent........ 1.0 nedeey 
ZINC SUMdE, Per CONT! 45. cases mies ue Vee tee ee sek 26.0 
Tite CIE) DeTLOCO bons | cas ste eho there er ie emer 130 6 ae 
Material soluble in water, per cent.............. 0.8 Saath 
Baritim Sulfate rey aa Cae een a eale Wee et Clee The remainder 


(c) Paste—The paste as received shall not be caked in the con- 
tainer and shall break up readily in oil to form a smooth paint of 
1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. R. L. 


Hallett, Secretary of Committee D-1 on Preservative Coatings for Structural Materials, 105 York St., 
Brooklyn, N. Y. 
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brushing consistency. It shall mix readily in all proportions without 
curdling, with linseed oil, turpentine, or volatile mineral spirits, or any 
combination of these substances. The paste shall meet the following 
requirements: 


MaxIMuM MINIMUM 
SMB OE CONES ik ene te Gila Biel lini a3 ie 0 80.0 76.0 
Panseed Oil, percent, Gugino s sew haiieea ees 2 24.0 20.0 


Coarse particles and skins (total residue retained 
on a standard No. 325 screen, based on pig- 
CTE POEM CONG rns 2 ue nme an ay) capers HAY 4, 15 


4. (a) Paste——One sample shall be taken at random from each lot Number of 
of 1000 packages or less. If the packages are of such size that 1000 *°*** 
packages amount to more than a carload, one sample shall be taken at 
random from each carload. 

(b) Dry Pigment—Dry pigment shall be sampled by taking a 
portion from every tenth barrel or from every one hundredth bag of 
the dry pigment. 

Note.—For determining coarse particles, screens 3 in. in diameter are recom- 
- mended. The screen cloth is described as follows: No. 325 cloth of the U. S. Stand- 
ard Sieve Series should be made of wire 0.036 mm. (0.0014 in.) in diameter, a toler- 
ance of 15 per cent under and 35 per cent over being allowed on this diameter. The 
average opening between adjacent parallel wires should be 0.044 mm. (0.0017 in.), 
the tolerance being 8 per cent with the additional limitation that the maximum 
opening shall not exceed 0.044 mm. by more than 90 per cent. 


TENTATIVE SPECIFICATIONS 
FOR 
LAMPBLACK! % 
Serial Designation: D 209-25 T : 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to annual revision. 


ISSUED, 1925. 


I. MANUFACTURE 

Scope. 1. These specifications cover the pigment commonly known as 

lampblack. The pigment may be purchased in the dry form, or 
- ground in oil or in japan to form a paste. 

Process. 2. (a) The dry pigment shall be made by burning oils or tars 
in such a manner as to form a deposit of carbon or soot. The pigment 
shall be high grade in every respect, shall be free from oil, greasy 
matter and from admixture of any other substance. 

(b) Paste in Oil.—The paste in oil shall be made by thoroughly 
grinding the specified pigment with pure raw or refined linseed oil. 

(c) Paste in Japan.—The paste in japan shall be made by thor- 
oughly grinding the specified pigment in high-grade grinding japan. 


II. PROPERTIES AND TESTS 
Composition 3. (a) The color and tone shall be equal to, and the tinting strength 


and Proper” not less than that of a sample mutually agreed on by buyer and seller. 
(b) Dry Pigment.—The dry pigment shall meet the following 
requirements: 
Coarse particles retained on a standard No. 325 screen, maxi- 
MIU, PET CONES). 6d pic stele whe eae gon pines = SUF seas Lsee onset Bt 1.0 
Ash; maximum, per cent sive 2s bares be ae ee a 1.0 
Benzol extract (which must be colorless) maximum, per cent.... 0.5 
Tone when diluted with zinc oxide.................. Clear-blue-gra 


(c) Paste in Oil.—The paste as received shall not be caked in the 
container and shall break up readily in oil to form a smooth paint of 
brushing consistency. It shall mix readily in all proportions without 
curdling, with linseed oil, turpentine, or volatile mineral spirits, or any 
combination of these substances. ‘The paste shall meet the following 
requirements: 

1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. R. L. 
Hallett, Secretary of Committee D-1 on Preservative Coatings for Structural Materials, 105 York St., 


Brooklyn, N. Y. 
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Maximum MINIMUM 


Ben mpenrenii cori cn AL ecwe |, Ny 40 25 
Pe ere epem Cette lo ee 75 60 
Diaterial volatievattl0s?.O. see eG orl ddd 0.7 
Coarse particles and skins left on a No. 325 screen 

: epecicent of the dry pigment),, 3,..,....0eess en. 1.0 


(d) Paste in Japan.—The paste as received shall not be caked 
in the container and shall break up readily in turpentine to form a 
smooth paint of brushing consistency that will dry within one hour 
to a hard, flat coat. It shall meet the following requirements: 


Maximum MINIMUM 


eT ee ORT EG ay 5 el Soe bu wes ow KR bees... 40 25 
Menicleieennent:. heer iit ue). $o.02. 20 as 75 60 
Coarse particles and skins retained on a standard 

No. 325 screen (per cent of the dry pigment)...... 1.0 
Non-volatile matter in the vehicle, per cent of the 

Merc lamin, Vian Dea eee ee a vax: 40 


4. One sample shall be taken at random from each lot of 1000 
packages or less. If the packages are of such size that 1000 packages 
amount to more than a carload, one sample shall be taken at random 
from each carload. 


NotE.—For determining coarse particles, screens 3 in. in diameter are recom 
mended. The screen cloth is described as follows: No. 325 cloth of the U.S. Stand- 
ard Sieve Series should be made of wire 0.036 mm. (0.0014 in.) in diameter, a 
tolerance of 15 per cent under and 35 per cent over being allowed on this diameter. 
The average opening between adjacent parallel wires should be 0.044 mm. (0.0017 
in.) the tolerance being 8 per cent with the additional limitation that the maximum 
opening shall not exceed 0.044 mm. by more than 90 per cent. 


Number of 
Tests. 


Scope. 


Process. 


Composition 
and Proper- 
ties. 


TENTATIVE SPECIFICATIONS 
FOR 
BONE BLACK! 


Serial Designation: D 210-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to annual revision. 


IssuED, 1925. 


1. These specifications cover the pigment commonly known as 
bone black, ivory black or drop black. It may be purchased in the 
dry form, or ground in oil or in japan to form a paste. 


I. MANUFACTURE 
2. (a) Dry Pigment.—The dry pigment shall be made by the 
calcination of bones and shall be unmixed with any other substance. 
(b) Paste in Oil.—The paste in oil shall be made by thoroughly © 
grinding the specified pigment in pure raw or refined linseed oil. 
(c) Paste in Japan.—The paste in japan shall be made by thor- 
oughly grinding the pigment in high-grade grinding japan. 


II. PROPERTIES AND TESTS 


3. (a) The color and tone shall be equal to, and the tinting strength 
not less than, that of a sample mutually agreed on by buyer and seller. 

(b) Dry Pigment.—The dry pigment shall meet the following 
requirements: 


Coarse particles retained on a standard No. 325 screen, maxi- 


MUM, Per CONS! Sy VT So LRA ss gee a ee 2.0 
Ash; maximum, per cent.) .is54,. .ec0008 230 uw saa ee 85.0 
Ash insoluble in acids, maximum, per cent..............e008- 1.0 
Benzol extract (which must be colorless), maximum, percent.. 0.5 
Tone when diluted with zinc oxide...............00- Clear-blue-gray 


(c) Paste in Oil.—The paste as received shall not be caked in the 
container and shall break up readily in oil to form a smooth paint of 
brushing consistency. It shall mix readily in all proportions without 
curdling, with linseed oil, turpentine, or volatile mineral spirits, or any 
combination of these substances. The paste shall meet the following 
requirements: : 

1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. R. L. 


Hallett, Secretary of Committee D-1 on Preservative Coatings for Structural Materials, 105 York St., 
Brooklyn, N. Y. 


\ 


(290) 


SERIAL DESIGNATION: D 210-25 T 291 


MAXIMUM MINIMUM 
Met PEO COE ois ee ia ee Rs ee 55 45 
Pree hell Der Cents ys. rey aye rrenlee 55 45 


Coarse particles and skins (total residue retained on a 
standard No. 325 screen, based on pigment), per 
SMES on Ak ape ta ae aR UR ID ion RR CC a 2h 


(d) Paste in Japan.—The paste as received shall not be caked 
in the container and shall break up readily in turpentine to form a 
smooth paint of brushing consistency that will dry within one hour to 
a hard, flat coat. It shall meet the following requirements: 


Maximum MInIMuM 
Bre eg percent! <1 0, ae Wye ta. eer op A a0 45 
Wenmbielispan)(pericentii ww love, Pr 55 45 


Coarse particles and skins (total residue retained on a 

standard No. 325 screen, based on pigment), per 

NIT a ieiate 6 o 40s | SONA ge ry wl gher es 
Non-volatile matter in the vehicle, per cent of the 

CERES ES aR RO OEE SRN be 40 


4. One sample shall be taken at random from each lot of 1000 
packages or less. If the packages are of such size that 1000 packages 


amount to more than a carload, one sample shall be taken at random 
from each carload. 


Note.—For determining coarse particles, screens 3 in. in diameter are recom- 
mended. The screen cloth is described as follows: No. 325 cloth of the U. S. Stand- 
ard Sieve Series should be made of wire 0.036 mm. (0.0014 in.) in diameter, a toler- 
ance of 15 per cent. under and 35 per cent over being allowed on this diameter. The 
average opening between adjacent parallel wires should be 0.044 mm. (0.0017 in.), 
the tolerance being 8 per cent with the additional limitation that the maximum 
Opening shall not exceed 0.044 mm. by more than 90 per cent. 


—. 


Number of 
Tests. 


Scope. 


Process. 


Composition 
and Proper- 
ties. 


TENTATIVE SPECIFICATIONS 
FOR 
CHROME YELLOW! 


Serial Designation: D 211-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to annual revision. 


IssSUED, 1925. 2 


1. These specifications cover the pigments commonly known as 
lemon chrome yellow, medium chrome yellow, and orange chrome 
yellow. The pigment may be purchased in the dry form or ground 
in oil, or in japan, to form a paste. 


I. MANUFACTURE 


2. (a) Dry Pigments.—The dry pigments, lemon chrome yellow 
and orange chrome yellow, shall be chemical precipitates consisting 
of normal or basic lead chromates or mixtures of these with or without 
admixtures of other insoluble compounds of lead, but without any 
other admixtures. 

Dry medium chrome yellow shall be chemically precipitated 
normal lead chromate. | 

(b) Pastes in Oil.—The pastes in oil shall be made by thoroughly 
grinding the specified pigments with pure raw or refined linseed oil. 

(c) Pastes in Japan.—The pastes in japan shall be made by 
thoroughly grinding the specified pigments. in high-grade grinding 
japan. f 

II. PROPERTIES AND TESTS 


3. (a) The color and tone shall be equal to, and the tinting strength 
not less than, that of a sample mutually agreed on by buyer and seller. 
(b) The dry pigments shall meet the following requirements: 


LEMON CHROME ~ 


ORANGE CHROME MEDIUM CHROME 
Total matter soluble in water, maximum, 
DOLCE Gare rss cate ar bias elo achere cele sae 0.5 0.5 
Total of all substances other than insoluble 
compounds of lead, maximum, per cent.... 3.0 3.0 
Orvanicicolorsarlakes ..0'4 25 patos create None None 


1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. R. L. 
Hallett, Secretary of Committee D-1 on Preservative Coatings for Structural Materials, 105 York St., 
Brooklyn, N. Y. 
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LEMON CHROME 


ORANGE CHROME MEDIUM CHROME 
Normal lead chromate (PbCrO,), minimum, 
PEIBCCU Or Wire tre dt eid dee ete ether tie um 8 Ula re 97.0 
Coarse particles (total residue on a No. 325 
screen); percents not overiciiaet: Bee ee 1.0 1.0 


(c) Paste in Oil.—The pastes as received shall not be caked in the 
container and shall break up readily in oil to form a smooth paint of 
brushing consistency. They shall mix readily in all proportions 
without curdling, with linseed oil, turpentine, or volatile mineral 
spirits, or any combination of these substances. 

The pastes shall meet the following requirements: 


LEMON CHROME 


ORANGE CHROME MEDIUM CHROME 
MaxIMuM Minimum Maximum MINIMUM 
PASTIENU DCT CENE soy 8) ss pes ee os 85 65 82 75 
Pinscediow per cent.) ) Ee ey ad 30 is 25 18 
Water and other volatile matter, 
Dem neni ath. is <\ Sa tecare ales 0.7 Gs 0.7 


Coarse particles and skins (total 
residue retained on a No. 325 
screen), per cent of the pigment.. 1.5 1 


(d) Paste in Japan.—The pastes as Shes shall not be ae 
in the container and shall break up readily in turpentine to form a 
smooth paint of brushing consistency that will dry within one hour to 
a hard flat coat. They shall meét the following requirements: 


LEMON CHROME 


ORANGE CHROME MEDIUM CHROME 

Maximum Minimum Maximum MINIMUM 
Pre tcieper Cent. ei... dentate as 85 65 82 a 
Vehicle: (japan) per cent... 26.05. 08. 35 15 25 18 


Coarse particles and skins (total 

residue retained on a No. 325 

screen), per cent of the pigment... Lis i Ws 
Non-volatile matter in the vehicle, 

per centof the vehicle........./.. Bey 40 40 


4, One sample shall be taken at random from Na lot of 1000 
packages or less. If the packages are of such size that 1000 packages 
amount to more than a carload, one sample shall be taken at random 
from each carload. 


Notre.—For determining coarse particles, screens 3 in. in diameter are recom- 
mended. The screen cloth is described as follows: No. 325 cloth of the U. S. Stand. 
ard Sieve Series should be made of wire 0.036 mm. (0.0014 in.) in diameter, a toler. 
ance of 15 per cent under and 35 per cent over being allowed on this diameter- 
The average opening between adjacent parallel wires should be 0.044 mm. (0.0017 
in.), the tolerance being 8 per cent with the additional limitation that the maximum 
Opening shall not exceed 0.044 mm. by more than 90 per cent. 


Number of 
Tests 


Scope. 


Process. 


Composition 


and Proper+ 
ties. 


TENTATIVE SPECIFICATIONS 
FOR 
PURE CHROME GREEN! 
Serial Designation: D 212-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 


-and suggestions. It is not a Standard of the Society and is subject to annual revision. 


ISSUED, 1925. 


1. These specifications cover what is commercially known as 
pure chrome green. ‘The pigment may be purchased in the dry form 
or. ground in oil or in japan to form a paste. 


I. MANUFACTURE 


2. (a) Dry Pigment.—The pigment shall be a co-biccinttalal 
mixture of lead chromate and iron ferro and ferricyanide blue, with 
or without other insoluble compounds of lead. 

(6) Paste in Oil.—The paste in oil shall be inal by thoroughly 
grinding the specified pigment with pure raw or refined linseed oil. 

(c) Paste in Japan.—The paste in japan shall be made by thor- 
oughly grinding the specified pigment with high-grade grinding japan. 


II. PROPERTIES AND TESTS 


3. (a) The color and tone shall be equal to, and the tinting strength 
not less than, that of a sample mutually agreed on by buyer and seller. — 

(b) Dry Pigment—The dry pigment shall meet the following 
requirements: 


Percentage of total lead present in the form of chromate........ 75 
Total impurities, maximtm, per cent. 2005. 024, 27). 22 see eee 3 
Coarse particles (total residue retained on a No. 325 screen), maxi- 

WUT, EL CONG ion, 5 Figo dis a ierbae us meet aiaie Oe mh) Mego en 1.0 


(c) Paste in Oil.—The paste as received shall not be caked in the 
container and shall break up readily in oil to form a smooth paint of 
brushing consistency. It shall mix readily in all proportions, without 

1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. R. L. 


Hallett, Secretary of Committee D-1 on Preservative Coatings for Structural Materials, 105 York St., 
Brooklyn, N. Y. 
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curdling, with linseed oil, turpentine, or volatile mineral spirits, or any 
combination of these substances. The paste shall meet the following 
requirements: } 


MAXIMUM MINIMUM 
Remere CCN Cs. Se Re Le 75 65 
Peer OL percent see Bede PON UN I ao 25 
Coarse particles and skins (total residue retained on 
a No. 325 screen), per cent of the pigment ........ ius 


(d) Paste in Japan.—The paste as received shall not be caked in 
the container and shall break up readily in turpentine to form a smooth 
paint of brushing consistency that will dry within one hour to a hard, 
flat coat. The paste shall meet the following requirements: 


Maximum MINIMUM 


Bemnentrmercenty yt". jit gue meee. wrtie Lion (Dae 65 
Smicler apa) Mer Cents c.ivtw sits debs arol daeles « vein 25 25 
Coarse particles and skins (total residue retained on 

a No. 325 screen), per cent of the pigment........ 15 ts 
Non-volatile matter in vehicle, per cent of the vehicle .. 40 


4. One sample shall be taken at random from each lot of 1000 
packages or less. If the packages are of such size that 1000 packages 
amount to more than a carload, one sample shall be taken at random 
from each carload. 


Notr.—For determining coarse particles, screens 3 in. in diameter are recom- 
mended. ‘The screen cloth is described as follows: No. 325 cloth of the U. S. Stand- 
ard Sieve Series should be made of wire 0.036 mm. (0.0014 in.) in diameter, a toler- 
ance of 15 per cent under and 35 per cent over being allowed on this diameter. The 
average opening between adjacent parallel wires should be 0.044 mm. (0.0017 in.), 
the tolerance being 8 per cent with the additional limitation that the maximum 
Opening shall not exceed 0.044 mm. by more than 90 per cent. 


Number of 
Tests. 


TENTATIVE SPECIFICATIONS 
FOR 
REDUCED CHROME GREEN! 


Serial Designation: D 213-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to annual revision. 


IssuED, 1925. 


Scope. 1. These specifications cover what is known commercially as 
reduced chrome green, also known as grinders green. The pigment 
may be purchased in the dry form or ground in oil or in japan to form 


a paste. 
I. MANUFACTURE 


Process. 2. (a) Dry Pigment.—The pigment shall be a mixture of lead 
chromate and iron ferro and ferricyanide blue, with or without other 
insoluble compounds of lead, co-precipitated on a base of barium 
sulfate or insoluble siliceous material or any mixture thereof. 

(b) Paste in Oil.—The paste in oil shall be made by thoroughly 
grinding the specified pigment with pure raw or refined linseed oil. 

(c) Paste in Japan.—The paste in japan shall be made by thor- 
oughly grinding the specified pigment in high-grade grinding japan. 


II. PROPERTIES AND TESTS 


Composition 3. (2) The color and tone shall be equal to, and the tinting strength 
ang Proper- not less than, that of a sample mutually agreed on by buyer and seller. 
(b) The dry pigment shall meet the following requirements: 
MAXIMUM MINIMUM 
Sum of the barium sulfate and insoluble siliceous 


radterial, percent: % ... Cewek ee ee 80 
Color (total of insoluble lead compounds and iron 

blue) Spertcent ti Ge Eee ee ee A 20 
Percentage of total lead presentin theformofchromate .. iD 
Total calcium oxide in any form soluble in acid, per 

CONG ES ota es wiend wns in boo Wik 0 ‘Since “bolts, maar ee ean 0.5 
Coarse particles (total residue retained on a No. 325 

Screen)s pericent:.... nd. 5 ide TEs eee a 1.5 


’ 


1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. R. Le 
Hallett, Secretary of Committee D-1 on Preservative Coatings for Structural Materials, 105 York St., 
Brooklyn, N. Y. 
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(c) Paste in Oil.—The paste as received shall not be caked in the 
container and shall break up readily in oil to form a smooth paint of 
brushing consistency. It shall mix readily in all proportions without 
curdling, with linseed oil, turpentine, or volatile mineral spirits, or any 

combination of these substances. The paste shall meet the following 
requirements: 


Maximum MINIMUM 
RP AIGRDET CONG I. oi. tka Rn dd aera ool 88 80 
Panseed oil, percent). 7! 10; bathatitas v5 binbraté 20 12 
Coarse particles and skins (total residue retained on a 
No. 325 screen), per cent of the pigment.......... 2.0 


(d) Paste in Japan.—The paste as received shall not be caked in 
the container and shall break up readily in turpentine to form a smooth 
paint of brushing consistency that will dry within one hour to a hard 
flat coat.. It shall meet the following requirements: 


MAXIMUM MINIMUM 


PePeut ees Getta’. ie Meee, 8) ols as ds si 88 80 
Weniciec(japan), percent. su bawe poe tl A | 20 12 
Coarse particles and skins (total residue retained on a 

Pre eiectech), DCT Cents eke os lose 2.0 a 
Non-volatile matter in vehicle, per cent of the vehicle .. 40 


4. One sample shall be taken at random from each lot of 1000 number of 
packages or less. If the packages are of such size that 1000 Packages ete: 
amount to more than a carload, one sample shall be taken at random 
from each carload. 

Note.—For determining coarse particles, screens 3 in. in diameter are recom- 
mended. The screen cloth is described as follows: No. 325 cloth of the U. S. Stand- 
ard Sieve Series should be made of wire 0.036 mm. (0.0014 in.) in diameter, a toler- 
ance of 15 per cent under and 35 per cent over being allowed on this diameter. The 
average opening between adjacent parallel wires should be 0.044 mm. (0.0017 in.), 
the tolerance being 8 per cent with the additional limitation that the maximum 
opening shall not exceed 0.044 mm. by more than 90 per cent. 


Procedure. 


TENTATIVE METHODS OF TESTING SHELLAC VARNISH? 
Serial Designation: D 214-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to annual revision. 


ISSUED, 1925 


Shellac varnishes are made by dissolving shellac in alcohol and are desig- 
nated in the trade in terms of pounds of shellac per gallon of alcohol, the 4, 4.5 
and 5-lb. cut goods being most commonly used. Specially denatured alcohol, 
Formula No. 1 is largely used, and occasionally wood alcohol and butyl alcohol. 
Pure grain alcohol, or Formula No. 35 denatured is used for confectioner’s 
varnish or glaze. 


DETERMINATION OF BODY (SOLIDS) 
APPARATUS 


1. The apparatus shall consist of the following: 


(2) A weighing bottle for volatilized liquids or a Grethan pipette. 

(b) A tin-foil dish, 14 in. in height and 23 in. in diameter. 

(c) Prepared Sand, prepared as follows: Take sea-sand, sieve it 
to take out all foreign material. Digest with hot HCl for about one 
hour. Wash with water to remove all the acid and soluble impurities. 
Ignite and put in a desiccator to cool. Then put it in a bottle and 
stopper it tightly. 


PROCEDURE 


2. (a) Put 10 g. of the prepared sand and a short glass rod into 
the tin-foil dish. Weigh them all together and record the weight 
accurately. Run into the dish about 1 g. of the sample from the 
weighing bottle. Record the exact weight of the sample taken into 
the dish. 

(b) Mix the varnish and sand with the glass rod. 


NotEe.—This is especially important in testing varnish of over 6 lb. so that the 
varnish and sand will be intimately mixed. 


Place in an oven at a temperature of 105° C. and heat for one 
hour. At the end of one hour take out, cool and weigh. ‘The increase 
1 Criticisms of these Tentative Methods are solicited and should be directed to Mr. R. L. Hallett, 


Secretary of Committee D-1 on Preservative Coatings for Structural Materials, 105 York St., Brooklyn, 
N. Y. 
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_ in weight of the tin-foil, sand and glass rod is the weight of the shellac 
in the varnish. 

3. (a) In the case of orange shellac varnish, divide the percentage 
of the shellac found by 0.98 because orange shellac loses 2 per cent in 
heating for an hour at 105° C. 

(6) In the case of white shellac varnish, divide the percentage of 
shellac found by 0.95 because white shellac varnish is made from 
bone dry shellac, which contains 5 per cent of moisture. 


Exam ple.— 
Orange Shellac Varnish: 
NMEA OlaVernisis LAK CR te Bile bo idcscteiic heaph att. ead Fivackduas 1.3200 g. 
NMCtnGt Temidtue, (alter dryineyw 0) ies ok a, pays. 0.5491 g. 
0.5491 
Per cent of body = 0.98 X1.3200 <X100= 42.45 per cent 


This percentage corresponds to 5 lb. per gallon. 
White Shellac Varnish: 


0.5235 
0.95 X1.2973 
This percentage corresponds to 5 Ib. per gallon. 


Per cent of body = x 100= 42.45 per cent 


(c) To convert the percentage of solids (residue) of the varnish 
into pounds per gallon, from the percentage of solids expressed in 
pounds of solids in 100 lb. of varnish, the pounds of solvent is found 
_ by difference. The weight of solvent divided by 6.7793 (the weight 
of one gallon of denatured alcohol (Formula No. 1) at 16° C. (60° F.) 
gives the number of gallons of alcohol present. From this the number 
of pounds of shellac per gallon of alcohol is determined. 

Example.— 
100 —30.68 (Solids found) = 69.32 lb. of alcohol 


69.32 

67703 7 10.23 gallons of alcohol. 
30.68 

10.23 =3 Ib. per gallon. 


For convenience, tables are appended hereto giving pounds of 
shellac per gallon for varnishes for various specific gravities. 


DETERMINATION OF WAX 


4. The wax shall be determined in accordance with the Standard 
Method of Test for Determination of Wax in Shellac (Serial Designa- 
tion: D 29) of the American Society for Testing Materials.! 


1A.S.T.M. Standards Adopted in 1925. 


% 
Calculation. 
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DETERMINATION OF PURITY 


5. Purity of varnish of both white and orange shellac variety may 
be ascertained by determining the iodine number on the gum residue. 
Two methods are available: 

Method 1.—Run 0.5 to 0.7 cc. of varnish into a weighed 6 or 8-0z. 
glass-stoppered Erlenmeyer flask (a light weight bottle with hollow 
stopper). Add 1 or 2 cc. of alcohol to spread the varnish film from 
the bottom of the flask. Place the flask in a hot water bath (90° C.) 
for 30 minutes and aspirate the alcohol vapor. Cool, weigh and add 
20 cc. of acetic acid (melting point 14.8° C.). Proceed in accordance 
with the method for iodine number described in the Determination of 
Rosin in the Standard Methods of Testing Shellac (Serial Designation 
D 29) of the American Society for Testing Materials.' 

Method 2.— 


APPARATUS 


A weighing bottle for the adulteration of liquids, or a Grethan 
pipette. 


PROCEDURE 


With the percentage of solids known, weigh out enough of the 
original varnish to correspond to 0.200 g. of solids (0.450 to 0.500 g. of 
varnish). This is satisfactory in the case of slight adulteration. If 
heavy adulteration is suspected, weigh out an amount of varnish to 
correspond to 0.150 g. of solids or less. 

From the weighing bottle or pipette weigh, by difference, the 
amount of varnish selected into a 250-cc. glass-stoppered bottle. 
Warm in a water bath at not over 78° C. for about 15 minutes and 
aspirate the alcohol vapor until practically dry. Cool, weigh and 
add 20 cc. of acetic acid (melting point 14.8° C.). Proceed in accord- 
ance with the method for iodine number described in the Determina- 
tion of Rosin in the Standard Methods of Testing Shellac (Serial 
Designation: D 29) of the American Society for Testing Materials. 

6. Qualitative Test—A qualitative test may be applied to the 
varnish, and if this shows only adulteration with copal the amount of 
copal may be approximately determined from the iodine number with 
the iodine number of copal taken as 130 for purposes of calculation. 

In making the qualitative test, filter some of the varnish through 
dry paper into a large test tube (6 by 2 in.). When 10 cc. has run 
through, fill the test tube with 99-per-cent methyl alcohol and agitate. 


41924 Book of A,S,T.M. Standards. 
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A pure shellac will remain clear and when adultered with copal will 
give a precipitation on standing. 

A qualitative test for rosin may be made by the Halphen-Hicks 
method as described by Walker and Steele, Bulletin No. 232, Bureau 
of Standards, March, 1923, pp. 284-285. 


COMPLETE VARNISH ANALYSIS 


_7. Acomplete varnish analysis would include distilling about 50 cc. 
of varnish to dryness on a sand bath and redistilling the distillate to 
determine the boiling point. A portion of the final distillate should be 
diluted with water to ascertain if other solvents, such as naphtha or 
benzol, have been added. These will separate out and the separated 
layer may be measured. 


APPENDIX 


RELATION OF POUNDS OF SHELLAC PER GALLON TO SPECIFIC GRAVITY 


WHITE SHELLAC VARNISH: Dry BLEACHED SHELLAC (5 PER CENT MOISTURE), DENATURED ALCOHOL, 
ForMuLA No 1, 190 PER CENT PROOF 


SHELLAC, SPECIFIC ; WEIGHT 
LB. PER GAL. GRAVITY, PER 1 GAL. 
oF ALCOHOL 16° C. (60° F.) Dec. BauME VARNISH, LB. 

2S LS a CP RR a 2 OE sD atm 0.9056 24.60 a9 
eee de) Poe ee kes AR ee Ae, 0.9167 2270 7.64 
ee ei bacee oat tants 8 tick 4 Ladin) sland see atin « 0.9278 20.90 7.74 
2, a0 ae) 2 SR Oe INI ar aa ee VFL ee 0.9375 19.33 7279 
MEN ala ghia wes «. alo) eae SP es epee al aie 0.9464 Le Oe 1.89 
Soh og Sih i Ra ag el a a Eo ah 0.9530 16.90 ip bs) 
Peer rei PICU IN | OEE: 0.9597 15.90 8.00 


ORANGE SHELLAC VARNISH: TN SHELLAC (2 PER CENT MOISTURE), DENATURED ALCOHOL, FORMULA 
No. 1, 190 PER CENT PROOF 


Cee Ret MER IND 05 NER 0.900: 25.55 7.50 
Bebaiataiol tye toveo)a epi x 0.9114 23.6 7.60 
SN RES ES ee, re 0.9228 gy, 7.69 
NS ONE RR ated 0.9318 20.25 Fey 
ee ame RO Died SN: 0 el 2 Beet Beatin 0.9395 19.0 7083 
ae ee ae 0.9500 17.36 792 
2 aed ea i WR 0.9554 16.53 7.97 


Nore 1.—Shellac varnishes will not always agree exactly with the above specific 
gravity, estimated at 16° C. (60° F.). They will vary somewhat, due to more or 
less moisture and insoluble matter contained in the white and orange shellacs, and 
also to loss of solvent by evaporation. However, the above figures agree closely 

with theoretical and practical results. 
f Norte 2.—Ten pounds of shellac cut in alcohol yields a volume of 1 gallon. This 
must be taken into consideration in determining the weight per gallon of varnish. 


i 


TENTATIVE METHOD OF TEST 
FOR 
COARSE PARTICLES IN PAINT PIGMENTS! 


Serial Designation: D 185-24 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It isnot a Standard of the Society and is subject to annual revision. 


ISSUED, 1924 
I. APPARATUS 


1. The apparatus shall consist of a standard No. 325 sieve.2 A 
standard No. 325 sieve for comparison purposes should be reserved 
in the laboratory. Whenever a new sieve is secured, a practical test 
of its accuracy should be made by running on it and on the standard 
sieve a pigment that has a considerable percentage of coarse par- 
ticles. A reserve stock of such pigment should be kept for this purpose. 


II. PROCEDURE 


2. The sieve shall be weighed on an analytical balance, the 
weight being recorded in a figure carried to the third decimal place. 
The sieve shall then be wet on both sides with the liquid to be used 
for wash purposes. 

3. The sample of the pigment to be tested shall be weighed. 
For most pigments 10 g. will be the proper quantity. For black 
pigments of low specific gravity 2 g. will be sufficient. For pigments 
like Prussian blue and graphite, 3 g. are generally used. The weighed 
samples of pigment shall then be transferred to the sieve. 

If the pigment is one that is difficult to wet with the wash liquid, 
the quantity weighed out should first be placed in a beaker containing 


1 Criticisms of this Tentative Method are solicited and should be directed to Mr, R. L. Hallett.’ 
Secretary of Committee D-1 on Preservative Coatings for Structural Materials, 105 York St., Brook 
lyn, N.Y. 

2 Sieves 3 in. in diameter will be received by the U. S. Bureau of Standards for test. The cloth will 
be tested to determine whether or not it conforms to the specifications for cloth of the U. S. Standard 
Sieve Series. The specifications for the sieve frame are now being prepared. No. 325 cloth of the 
U.S. Standard Sieve Series should be made of wire 0.036 mm. (0.0014 in.) in diameter, a tolerance of 
15 per cent under and 35 per cent over being allowed on this diameter. The average opening between 
adjacent parallel wires should be 0.044 mm. (0.0017 in.), the tolerance being 8 per cent with the addi- 
tional limitation that the maximum opening shall not exceed 0.044 mm. by more than 90 per cent. 
Sieves whose cloth conforms to these specifications and whose frames are in accordance with specifica- 
tions now in preparation will be marked with the letters ‘‘BS’’ and the year in which the test is made. 
A report will be issued for each sieve submitted, a nominal fee being charged for this test. 
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some of a liquid that easily wets the pigment and that is miscible 
with the wash liquid. For example, if water is to be used as the wash 
liquid, alcohol may be used as the wetting medium. The pigment 
is then gently stirred with the wetting liquid and the contents of the 
beaker transferred to the sieve. Where small particles of pigment 
are retained on the stirring rod or walls of the beaker they may easily 
be removed with the brush. 

4. The sieve shall then be held under a tap delivering about 300 
to 500 cc. of wash liquid per minute. By slightly shaking the sieve, 
the pigment will be rapidly carried through. A soft camel’s hair 
brush may be used in aiding the operation. If the sieve is held at a 
slight angle so that the pigment will gradually collect at one edge 
during the washing process, and then rotated, the pigment may be 
brushed out rapidly, with no risk of clogging the screen. 

5. After the majority of the finely divided portion of the pig- 
ment has passed through the sieve (from 2 minutes to 1 hour, accord- 
ing to kind of pigment), the sieve shall be placed in an 8-in. porcelain 
dish containing 250 cc. of the wash liquid. ‘The sieve will thus be 
covered to a depth of about 4 in. The pigment remaining on the 
sieve shall be brushed with a soft 1-in. camel’s hair brush at the 
tate of two strokes per second during two periods of 10 seconds each. 
The sieve shall then be raised from the dish after each 10-second 
period to let the liquid on the sieve run through. The liquid in the 
dish should be changed after every two brushing periods described 
above. This operation shall be continued until typewritten letters 
can be read through a layer of the wash liquid 8 cm. thick, which is 
approximately the height of a filled 250-cc. beaker of the low-form 
(Griffin) type. 

Occasionally pigments will be found that foam when water is 
used as the wash liquid. In such instances, during the last washing 
in the porcelain dish, the use of a liquid that breaks down the foam- 
ing and is readily miscible with water, such as alcohol, will usually 
overcome this difficulty. 

6. The pigment particles adhering to the brush shall then be 
washed back onto the sieve and the water below the sieve wiped off. 
A few drops of alcohol and then of ether should be added to expedite 
drying. Thescreen shall be dried for one hour in an oven at 105°C., 
or on a radiator, cooled, weighed, and the percentage of coarse par- 
ticles calculated. 

7. For pigments requiring wash liquids such as turpentine, 
mineral spirits, or kerosene, the wash liquid shall be siphoned from 
a vessel onto the sieve, finishing with ether to remove the wash liquid 
adhering to the sieve. 


TENTATIVE, METHODS OF “ROUTINE ANALYSIS 
OF 
WHITE LINSEED OIL PAINTS: 


Serial Designation: D 215-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It isnot a Standard of the Society and is subject to annual revision. 


ISSUED, 1925 


PRELIMINARY PROCEDURE 


On receipt of a sample make a record of the label, noting especially 
the brand, the name of the manufacturer, and any statement as to 
composition and net contents. Weigh the unbroken package, open, 
note odor and condition of the contents, pour into a clean container, 
and mix thoroughly by pouring from one container to the other, 
finally leaving the well-mixed sample in the second container, which 
shall be tightly closed. The well-mixed sample is used at once for the 
determinations described under “‘Methods.” ‘The original can and 
cover may be cleaned with gasoline, wiped dry, and then weighed. 
This weight subtracted from the original weight will give the net 
weight of the contents. If desired, the specific gravity of the paint 
may be determined and the weight per gallon calculated, and the 
volume of paint and the capacity of the container may be measured. 


REAGENTS REQUIRED 


Extraction Mixture —10 volumes ether (ethyl ether); 
6 volumes benzol; 
4 volumes methyl alcohol; 
1 volume acetone. 


Aqueous Sodium Hydroxide.—Dissolve 100 g. of NaOH in distilled 
water and dilute to 300 cc. 

Alcoholic Sodium Hydroxide Solution.—Dissolve pure NaOH in 
95-per-cent ethyl alcohol in the proportion of about 22 g. per 1000 cc. 
Let stand in a stoppered bottle. Decant the clear liquid into another 


1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. R. L. 
Hallett, Secretary of Committee D-1 on Preservative Coatings for Structural Materials, 105 York St., 
Brooklyn, N. Y. 
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bottle and keep well stoppered. This solution should be colorless or 
only slightly yellow when used, and it will keep colorless longer if the 
alcohol is previously treated with sodium hydroxide (about 80 g. to 
1000 cc.), kept at about 50° C. for 15 days, and then distilled. 

Hanus Solution.—Dissolve 13.2 g. of iodine in 1000 cc. of 99.5-per- 
cent glacial acetic acid which will not reduce chromic acid. Add 
enough bromine to double the halogen content as determined by titra- 
tion (3 cc. of bromine is about the proper amount). The iodine may 
be dissolved by the aid of heat, but the solution should be cold when 
the bromine is added. 

Standard Sodium Thiosulfate Solution—Dissolve pure sodium 
thiosulfate in distilled water (that has been well boiled to free it from 
carbon dioxide) in the proportion of 24.83 g. crystallized sodium thio- 
sulfate to 1000 cc. of the solution. It is best to let this solution stand 
for about two weeks before standardizing. Standardize with pure 
resublimed iodine, pure potassium biiodate, or pure KIO; (see Tread- 
well-Hall, Analytical Chemistry, Vol. 2.) This solution will be 
approximately 0.1 NV, and it is best to leave it as it is after determining 
its exact iodine value, rather than to attempt to adjust it to exactly 
0.1 NV. Preserve in a stock bottle provided with a guard tube filled 
with soda lime. 

Starch Solution—Stir up 2 to 3 g. of potato starch or 5 g. of 
soluble starch with 100 cc. of 1-per-cent salicylic acid solution, add 300 
to 400 cc. of boiling water, and boil the mixture until the starch is 
practically dissolved, then dilute to 1 liter. 

Potassium Iodide Solution.—Dissolve 150 g. of potassium iodide 
free from iodate in distilled water and dilute to 1000 cc. 

Acid Ammonium Acetate Solution—Mix 150 cc. of 80-per-cent 
acetic acid, 100 cc. of water, and 95 cc. of strong ammonia (sp. gr. 0.90). 

Ammonium Polysulfide—Pass H2S gas into 200 cc. of strong 
ammonium hydroxide (sp. gr. 0.90) in a bottle immersed in running 
water or in iced water until the gas is no longer absorbed; then add 
200 cc. of strong ammonium hydroxide (sp. gr. 0.90) and dilute with 
water to 1000 cc. Digest this solution with 25 g. of flowers of sulfur 
for several hours and filter. 

“Lead Acid.’’—Mix 300 cc. of H2SO, (sp. gr. 1.84) and 1800 cc. 
of distilled water. Dissolve 1 g. of c. p. lead acetate in 300 cc. of 
distilled water and add this to the hot solution, stirring meanwhile. 
Let stand at least 24 hours and siphon through a thick asbestos filter. 

Potassium Permanganate Solution —Dissolve 3.2 g. of pure potas- 
sium permanganate in a liter of distilled water, let stand 8 to 14 days, 
siphon off the clear solution (or filter through an asbestos filter), and 
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standardize as follows: In a 400-cc. beaker dissolve 0.40 to 0.50 g. of 
Bureau of Standards’ sodium oxalate in 250 cc. of hot water (80 to 
90° C.) and add 15 cc. of dilute sulfuric acid (1:1). Titrate at once 
with the potassium permanganate solution, stirring the liquid vigor- 
ously and continuously. The permanganate must not be added more 
rapidly than 10 to 15 cc. per minute, and the last 0.5 to 1 cc. must be 
added dropwise with particular care to allow each drop to be fully 
decolorized before the next is introduced. The temperature of the 
solution should not be below 60° C. by the time the end point is reached. 
(Too rapid cooling may be prevented by allowing the beaker to stand 
on a small asbestos-covered hot plate during the titration. The use 
of a small thermometer as a stirring rod is most convenient.) The 
weight of sodium oxalate used multiplied by 0.8334 gives its iron 
equivalent. The permanganate solution should be kept in a glass 
stoppered bottle painted black to keep out light. 

The iron (Fe) value of the KMnO, multiplied by 1.076 theoret- 
ically equals its antimony (Sb) equivalent. However, for use in deter- 
mining antimony, the KMnO, is best standardized as follows: To 
0.25 g. of pure metallic antimony in a 500-cc. Pyrex Erlenmeyer flask, 
add 12 to 15 cc. of concentrated H2:SO, and 10 to 12 g. of KeSO.; heat 
until all the antimony is dissolved, cool, dilute to 250 cc. with water, 
add 20 cc. of concentrated HCl, cool to 10 to 15° C., and titrate with 
the KMnO, solution until a faint pink color is obtained. For special 
work, after digesting, dilute to 100 cc. with water, add 1 to 2 g. of 
NazSOs, and boil until all the SO, is expelled. This is shown when no 
blue color is obtained with starch-iodate paper (see below); the 
volume will be reduced about one-half. Dilute to 250 cc. with water, 
add 20 cc. of HCl (sp. gr. 1.19), and complete as described. 

Standard Potassium Ferrocyanide.—Dissolve 22 g. of the pure salt 
in water and dilute to 1000 cc. ‘To standardize, transfer about 0.2 g. 
(accurately weighed) of pure metallic zinc or freshly ignited pure zinc 
oxide to a 400-cc. beaker. Dissolve in 10 cc. of HCl and 20 cc. of 
water. Drop in a small piece of litmus paper, add ammonium hydrox- 
idé until slightly alkaline, then add HCl until just acid, and then 3 cc. 
of strong HCl. Dilute to about 250 cc. with hot water and heat nearly 
to boiling. Run in the ferrocyanide solution slowly from a burette 
with constant stirring until a drop tested on a white porcelain plate 
with a drop of the uranyl indicator shows a brown tinge after standing 
one minute. A blank should be run with the same amounts of reagents 
and water as in the standardization. The amount of ferrocyanide 
solution required for the blank should be subtracted from the amounts 
used in standardization and in titration of the sample. The stand- 
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ardization must be made under the same conditions of temperature, 
volume, and acidity as obtained when the sample is titrated. 

Uranyl Indicator for Zinc Titration—A 5-per-cent solution of 
uranyl nitrate in water or a 5-per-cent solution of uranyl acetate in 
water made slightly acid with acetic acid. 

Alkaline Lead Nitrate Solution—Into 100 cc. of KOH solution 
(56 g. in 140 cc. of water) pour a saturated solution of lead nitrate 
(250 g. in 500 cc. of water) until the precipitate ceases to redissolve, 
stirring constantly while mixing. Let settle, filter through asbestos, 
and dilute the clear filtrate with an equal volume of water. About 3 
volumes of the lead nitrate solution will be required for one of the KOH. 

Ammontacal Cadmium Chloride or Zinc Sulfate Solution.—Dissolve 
8 g. of cadmium chloride in 200 cc. of water and add 200 cc. of NH,OH 
(sp. gr. 0.90), or, dissolve 200 g. of zinc sulfate in 1080 cc. of water and 
920 cc. of NH.OH (sp. gr. 0.90). 

Standard Potassium Iodate Solution.—Dissolve 3.6 g. of KIO; and 
39 g. of KI in 1000 cc. of water. For general work the theoretical 
sulfur titer of this solution should be used; for special work, the solu- 
tion may be standardized against like material, such as a lithopone of 
known sulfide sulfur content. The theoretical titer is based on stand- 
ard Na2C20, and is obtained as follows: To 300 cc. of water in a 600-cc. 
flask, preferably glass stoppered, add 10 cc. of concentrated HCl 
(sp. gr. 1.19) and 1 g. of KI. Cool and add 10 cc. of 0.1 VN KMnO, 
solution which has been standardized against NazC,O,. Swirl gently, 
stopper, and let stand for five minutes. ‘Titrate the liberated iodine 
~ with standard NaeS2QOs solution until the color fades. Then add 10 cc. 
of starch solution and continue the titration until the blue color is 
destroyed. Repeat the titration with the sole difference that 10 cc. 
of the iodate solution is substituted for the KMnO, solution. Calcu- 
late the normality of the iodate solution. 

Starch Indicator for Sulfur Titration—(1) To 1000 cc. of boiling 
water, add a cold suspension of 6 g. of starch in 100 cc. of water and 
boil vigorously for five minutes. Cool the solution, add 6 g. of ZnCl 
dissolved in 50 cc. of cold water, thoroughly mix and set aside for 24 
hours. Decant the clear supernatant liquid into a suitable container, 
add 3 g. of KI, and mix thoroughly. (2, Optional.) Prepare an 
emulsion of 6 g. of soluble starch in 25 cc. of water, add a solution of 
1 g. of NaOH in 10 cc. of water, and stir the solution until it gelatinizes. 
Dilute to 1000 cc. with water, add 3 g. of KI, and mix thoroughly. 

Starch-Iodate Paper—Impregnate filter paper with a solution 
obtained by heating 2 g. of starch with 100 cc. of water, and, after 
solution, adding 0.2 g. of KIO; dissolved in 5 cc. of water. 
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Standard Iodine Solution for SO,—Place 15 to 20 g. of pure KI 
in a liter flask, dissolve in as little water as possible, and then add 
about 6.4 g. of resublimed iodine. Shake until the iodine is all dis- 
solved, dilute to the mark with water, and mix. ‘This solution is 
approximately 0.05 NV and is standardized against 0.05 NV NazS203; to 
obtain its true normality. 

Standard Sodium Thiosulfate Solution for SO,.—Prepare ahd 
standardize as described above, except that 12.42 g. of pure crystallized 
NazS.03-5HO are used or the 0.1 NV solution may be diluted with an 
equal volume of cold CO.-free water. 


METHODS 
WatTeER (NOTE 1) 


Mix 100 g. of the paint in a 250-cc. flask with 75 cc. of toluene. 
Place the flask in an oil bath, connect with condenser, apply heat to 
the bath, and distil until about 50 cc. of distillate have been collected 
in a graduate. The temperature in the flask should be then about 
105 to 110° C. The number of cubic centimeters of water collected 
under the toluene in the receiver is the percentage of water in the paint. 


VOLATILE THINNER 


Weigh accurately from 3 to 5 g. of the paint into a tared flat- 
_ bottomed dish about 8 cm. in diameter, spreading the paint over the 
bottom. Heat at 105 to 110°C. for one hour, cool, and weigh. Calcu- 
late the loss in weight as percentage of water and volatile thinner, 
subtract from this the percentage of water (1), and report the remainder 
as volatile thinner. 


NATURE OF THE THINNER 


Transfer about 150 g. of the paint to a 500-cc. flask fitted with a 
2-hole cork stopper carrying a spray trap connected with a vertical 
condenser. ‘Through the other hole in the stopper pass an influx tube 
for steam. (This tube should dip below the surface of the paint.) 
Heat the flask in an oil bath or an air bath at 100° C. and pass through 
it a current of steam; with the steam still passing through, raise the 
temperature of the bath to 130° C. — Catch the distillate in a small 
separatory funnel; continue distillation until 300 cc. of water has been 
condensed. Portions of this water may be drawn from the cock of the 
separatory funnel from time to time, but care must be taken not to 
draw out any of the volatile thinner. Let the distillate stand until it 
separates into two layers, then draw off the water, and filter the 
volatile thinner through a dry filter paper into a dry flask. If the 
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thinner is apparently turpentine, examine the distillate by the methods 
described under the Standard Specifications for Turpentine (Serial 
Designation: D 13) of the American Society for Testing Materials.! 
If the thinner is a mixture of turpentine and mineral spirits, an 
approximate determination of the amount of turpentine may be made 
by the polymerization test specified for under turpentine. It should 
be noted that turpentine is slightly soluble in water (about 0.3 to 
0.4 cc. per 100 cc. of water). 

To test for benzol, add a few drops of the distillate to a small 
quantity of a mixture of concentrated HNO; and concentrated H2SOu, 
and heat cautiously. The characteristic odor of nitrobenzol will be 
noted if benzol is present. 

If the thinner is apparently all mineral spirits, no further examina- 
tion is necessary. 

PERCENTAGE OF PIGMENT 


Strain a portion of the well-mixed sample through a No. 80 sieve 
to remove any skins and weigh accurately about 15 g. of the strained 
paint in a weighed centrifuge tube. Add 20 to 30 cc. of “extraction 
mixture” (see ‘‘Reagents’’), mix thoroughly with a glass rod, wash the 
rod with more of the extraction mixture, and add enough of the 
reagent to make a total of 60 cc. in the tube.- Place the tube in the 
container of a centrifuge, surround the tube with water, and counter- 
balance the container of the opposite arm with a similar tube, or a tube 
with water. Whirl at a moderate speed until well settled. Decant 
the clear supernatant liquid, repeat the extraction twice with 40 cc. of 
extraction mixture and once with 40 cc. of ethyl ether. After drawing 
off the ether, set the tube in a beaker of water at about 80° C. or on 
top of a warm oven for 10 minutes, then in an oven at 105 to 110° C. 
for two hours. Cool, weigh, and calculate the percentage of pigment. 
Grind the pigment to a fine powder, pass through a No. 80 sieve to 
remove any skins, and preserve in a stoppered bottle. 


PERCENTAGE OF NON-VOLATILE VEHICLE 


Add together the percentages of water, of volatile thinner, and of 
pigment, and subtract the sum from 100. Report the remainder as 
non-volatile vehicle. 


TESTING NON-VOLATILE VEHICLE 


(a) Preparation of fatty acids. 


To about 25 g. of the paint in a porcelain casserole, add 15 cc. 
of aqueous sodium hydroxide (see “‘Reagents’’) and 75 cc. of ethyl 
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alcohol, mix and heat uncovered on a steam bath until all volatile 
thinner is driven off and saponification is complete. Add 100 cc. of 
water, boil, add HzSO, (sp. gr. 1.2) (8 to 10 cc. in excess), boil, stir, and 
transfer to a separatory funnel to which some water has been pre- 
viously added. Draw off as much as possible of the acid aqueous 
layer and any insoluble or precipitated matter, wash once with water, 
then add 50 cc. of water and 50 cc. of ethyl ether. Shake very gently 
with a whirling action to dissolve the fatty acids in the ether, but not 
so violently as to form an emulsion. Draw off the aqueous layer and 
wash the ether layer with one 15-cc. portion of water and then with 
5 cc. portions of water until free from sulfuric acid. ‘Then draw off the 
water layer completely. Transfer the ether solution to a dry flask 
and add 25 to 50 g. of anhydrous sodium sulfate. Stopper the flask 
and let stand with occasional shaking at a temperature below 25° C. 
until the water is completely removed from the ether solution, which 
will be shown by the solution becoming perfectly clear above the solid 
sodium sulfate. Decant this clear solution, if necessary, through a 
dry filter paper into a dry 100-cc. Erlenmeyer flask. Pass a rapid 
current of dry air (pass through a CaCl, tower) into the mouth of the 
Erlenmeyer flask and heat to a temperature below 75° C. on a dry hot 
plate until the ether is entirely driven off. It is important to follow 
all of the details, since ether generally contains alcohol, and after 
washing with water always contains water. It is very difficult to 
remove water and alcohol by evaporation from fatty acids, but the 
washing of the ether solution and subsequent drying with anhydrous 
sodium sulfate removes both water and alcohol. Ether, in the absence 
of water and alcohol, is easily removed from fatty acids by gentle heat. 
If the pigment settles out rapidly in a sample of the paint on standing 
so that sufficient vehicle can be poured off; or, if sufficient vehicle is 
obtained by centrifuging the paint, it will be advantageous to saponify 
this separated vehicle and liberate and prepare the fatty acids as 
described. 

The fatty acids prepared as above should be kept in a stoppered 
flask and examined at once. 


(b) Test for mineral oil and other unsaponifiable matter. 


Place 10 drops of the fatty acids Method (a), in a 50-cc. test tube, 
add 5 cc. of alcoholic soda (see “‘Reagents’’), boil vigorously for five 
minutes, add 40 cc. of water, and mix; a clear solution indicates that 
not more than traces of unsaponifiable matter are present. 


(c) Iodine number of fatty acids (Note 2). 


Place a small quantity of the fatty acids Method (a), in a small 
weighing burette or beaker. Weighaccurately. ‘Transfer by dropping 
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about 0.15 g. (0.10 to 0.20 g.) into a 500-cc. bottle having a well 
ground glass stopper, or an Erlenmeyer flask having a specially flanged 
neck for the iodine test. Reweigh the burette or beaker and determine 
the amount of sample used. (If desired the sample may be weighed 
in a small wide-mouthed vial and the vial containing the weighed 
sample placed in the bottle or flask.) Add 10 cc. of chloroform. 
Whirl the bottle to dissolve the sample. Add 10 cc. of chloroform 
to two empty bottles like that used for the sample. Add to each 
bottle 25 cc. of the Hanus solution (see ‘“‘Reagents’’) and let stand 
with occasional shaking for 30 minutes. Add 10 cc. of the 15-per-cent 
potassium iodide solution and 100 cc. of water, and titrate with stand- 
ard sodium thiosulfate solution (see “‘Reagents”’), using starch as 
indicator. ‘The titrations on the two blank tests should agree within 
0.1 cc. From the difference between the average of the blank titrations 
and the titration on the sample and the iodine value of the thiosulfate 
solution, calculate the iodine number of the sample tested. (Iodine 
number is centigrams of iodine to 1 g. of sample.) 


ANALYSIS OF PIGMENT 

(a) Qualitative Analysis. 

A complete qualitative analysis, following the well-established 
methods, should be made and the quantitative scheme modified as 
required. Add acetic acid slowly to the pigment until all carbonate 
is decomposed (noting whether any hydrogen sulfide is evolved); 
then add a large excess of acid ammonium acetate solution (see 
“Reagents’’), boil, filter, and test the filtrate for metals other than 
lead and zinc (especially calcium and barium). The absence of cal- 
cium in this filtrate indicates that the extending pigments contain no 
calcium carbonate or calcium sulfate; the absence of barium indicates 
that the extending pigments contain no barium carbonate (Note 5). 
Wash the matter insoluble in acid ammonium acetate solution with 
another portion of this solution, and finally with hot water. ‘This 
insoluble matter is dried, ignited, and tested for siliceous matter, 
barium sulfate, and titanium .compounds. ‘To test for the latter, 
place a small amount of the insoluble matter, or of the original sample 
(about 0.5 g.), in a 250-cc. Pyrex glass beaker; add 20 cc. of concen- 
trated H,SO, and 7 to 8 g. of ammonium sulfate. Mix well, and boil 
for a few minutes. A residue denotes the presence of silica or sili- 
ceous matter. Cool the solution, dilute with 100 cc. of water, heat to 
boiling, settle, filter, wash with hot 5-per-cent sulfuric acid until free 
from titanium. The residue may be tested for lead, barium, and silica. 
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Add hydrogen peroxide to a small portion of the filtrate; a clear yellow- 
orange color indicates the presence of titanium. Boil another portion 
of the filtrate with metallic tin or zinc; a pale blue to violet coloration 
indicates titanium. Treat another portion (about 1 g.) of the pigment 
with 20 cc. of HCl (1:1) and note whether any H,S is evolved; boil 
the solution for about 5 minutes, add about 25 cc. of hot water, filter, 
and wash with hot water. Render a small portion of the filtrate 
alkaline with NH,OH, acidify with HCl, and add a little BaCl, 
solution; a white precipitate (BaSO,) indicates the presence of a 
soluble sulfate. To another portion of the filtrate add a little H,SOu; 
a white precipitate indicates the presence of lead, soluble barium or 
both (some CaSO, may also separate); filter, wash to remove free 
acid, and treat the precipitate with a few drops of KI solution; the 
formation of yellow PbI, indicates the presence of lead. ‘The white 
precipitate may also be treated with H2S water; the formation of 
black PbS indicates the presence of lead. ‘To another portion of the 
original filtrate add NH.,OH until alkaline, render slightly acid with 
acetic acid, heat to boiling, and add a little KeCr.O; solution; a yellow 
or orange-yellow precipitate indicates the presence of lead, soluble 
barium or both. To another portion of the original filtrate add a few 
drops of KysFe(CN). solution; a white precipitate with a blueish tinge 
indicates the presence of zinc. Pass into the remaining portion of the 
original filtrate a current of H2S for 5 to 10 minutes, add an equal 
volume of water and pass H2S into the solution for about 5 minutes; 
filter, wash with H2S water; then digest the precipitate with ammonium 
polysulfide, filter, acidify the filtrate with HCl and warm; the presence 
of antimony is indicated by the separation of an orange colored pre- 
cipitate. The filtrate from the H:S precipitate may be tested for 
barium, calcium, and magnesium in the usual manner. 


(b) Quantitative Analysis. 

(1) Single Pigments: 

If the sample is a single pigment, follow the method described in 
the Standard Methods of Routine Analysis of White Pigments (Serial 
Designation: D 34) of the American Society for Testing Materials! 


for the particular pigment in hand. 4 


(2) Mixed or Composite Pigments: 


Moisture (Note 3) (Matter Volatile at 105-110° C.).—Place 1 to 
2 g. of the sample in a wide-mouth, short weighing tube provided with 
glass stopper. Heat with the stopper removed for 2 hours at a tem- 
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perature between 105 and 110°C. Insert the stopper, cool, and weigh. 
Calculate the loss in weight as moisture (matter volatile at 105 to 
110% ©): 

Loss on Ignition.—Ignite 1 g. of the pigment in a porcelain 
crucible over a Meker burner to constant weight (Note 4). 

Insoluble Matter.—Moisten 1 g. of the sample with a few drops of 
alcohol, cover, add 40 cc. of HCl (1:1), boil gently for 5 to 10 minutes. 
Wash off cover, evaporate to dryness, and heat at about 150° C. for 
one-half to one hour to dehydrate the residue. Moisten the residue 
with 4 cc. of concentrated HCl, allow to stand a few minutes, dilute 
with 100 cc. hot water, boil a few minutes, filter hot through paper, 
wash with hot water (till washings give no test for lead and chlorine). 
Ignite the paper and residue in a platinum or porcelain crucible, cool, 
and weigh total insoluble matter (Note 5). (The insoluble matter may 
be filtered off on a Gooch crucible, washed with hot water, dried at 
105° C., cooled, and weighed; then ignited, cooled, and weighed, when 
it is desired to get the loss on ignition (combined water, organic matter, 
etc.) of same, or the insoluble matter is not to be further examined.) 
If the sample contains titanium pigment, practically all of the TiO, 
will be found in the insoluble matter along with BaSO, and siliceous 
matter. ‘The TiO, may be determined in the insoluble matter or in 
a separate portion of the original sample by the method described in 
the Standard Methods of Routine Analysis of Titanium Pigments 
(Serial Designation: D 186) of the American Society’ for Test- 
ing Materials.’ To determine BaSOu, mix the ignited insoluble matter 
with about 10 times its weight of anhydrous sodium carbonate (grind- 
ing the mixture in an agate mortar if necessary), and fuse the mixture 
in a covered platinum crucible, heating about one hour. Let cool, 
place crucible and cover in a 250-cc. beaker, add about 100 cc. of water, 
and heat until the melt is disintegrated. Filter on paper (leaving 
crucible and cover in beaker) and wash the beaker and filter thoroughly 
with hot water to remove soluble sulfates. Place the beaker containing 
the crucibleand cover under the funnel, pierce the filter witha glass rod, 
and wash the residue into the beaker by means of a jet of hot water. 
Wash the paper with hot dilute HCl (1:1) and then with hot water. 
Remove crucible and cover, washing them with a jet of hot water and 
removing any adhering precipitate. Add cautiously 20 cc. of concen- 
trated H.SO, and evaporate until fumes of H.SO, are evolved and the 
precipitated matter is dissolved. Cool, add cautiously, with stirring, 
about 100 cc. of water, and boil a few minutes. Let the precipitate 
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settle, filter on a weighed Gooch crucible, wash with hot water, ignite, 
cool, and weigh as BaSQO,. Subtract the sum of the percentages of 
BaSO, and TiO2 from the percentage of total insoluble matter and 
report the result as the percentage of insoluble siliceous matter 
(Note 6). 

If it is desired to examine the siliceous matter, unite the filtrates 
from the NagCOs; fusion and the BaSO, precipitate, acidify with HCl, 
evaporate to dryness, and proceed as in a silicate analysis, taking 
cognizance of any TiO, that may be found, if titanium pigment were 
originally present. 

Total Lead (Antimony).—Unite the filtrate and washings (total 
volume 150 to 200 cc.) from the total insoluble matter, pass H2S into 
the solution until it is saturated, add an equal volume of water, and 
again saturate with H.S. Filter, wash with water containing a little 
hydrogen sulfide, dissolve in hot HNO; (1:3), washing the paper with 
hot water; add 10 to 20 cc. of H:SOy, (1:1), evaporate until copious 
fumes of sulfuric acid are evolved; cool, add about 75 cc. of water, 
and then about 75 cc. of 95-per-cent ethyl alcohol. Stir, let settle, 
filter on a Gooch crucible, wash with dilute alcohol, dry in an oven at 
105 to 110° C.; or, ignite gently in a radiator! or muffle, cool, and 
weigh as PbSO,. Calculate to PbO (Note 7). 

If the pigment contains antimony, filter and wash the sulfide 
precipitate as above; then wash the precipitate with a fine jet of H,O 
from the paper into a porcelain dish or casserole, add 25 cc. of am- 
monium polysulfide (see ‘‘Reagents’’), cover the vessel, and warm 
the mixture at 40 to 60° C. for 10 to 15 minutes with frequent stirring. 
Wash off cpver, filter through the paper used in the first case, and wash 
with 2 to 3-per-cent NazS or (NHy,)2S solution. Discard the filtrate. 
Dissolve the residue in hot dilute HNO; (1:3), and determine the lead 
as PbSOu, as described above. Or, the original sulfide precipitate may 
be discarded and the lead determined on a separate portion of the 
pigment as follows: To 1 g. of the sample in a covered beaker, add. 
40 cc. of HCl (1:1) and boil gently for 5 to 10 minutes. Wash off 
cover and evaporate to dryness. Moisten the residue with a few drops 
of HCl, add about 50 cc. of hot water, boil a few minutes, filter hot 
through paper, and wash with hot water until washings give no test 
for lead. (If the sample contains no insoluble matter, the filtration is 
omitted.) To the filtrate add 20 cc. of H2SO, (sp. gr. 1.84) and evapo- 
rate until dense white fumes of H2SO, are copiously evolved. Allow 
to cool, but not below 60° C., and then add slowly 50 cc. of water 
while the solution is agitated. Heat to boiling for several minutes in 
~ 1U. S. Geological Survey Bulletin 700, p. 33 (1919). 
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order to insure complete solution of antimony sulfate. Allow the 
PbSO, to settle out until the supernatant liquid is clear, not letting the 
temperature fall below 60°C. If the liquid does not clear quickly it 
must be heated longer. When clear, pour the solution through a 
weighed porcelain Gooch crucible with asbestos mat, decanting the 
solution as completely as possible without allowing more than a very 
small amount of PbSO, to go over into the crucible. Now add 10 cc. 
more of H2SO, (sp. gr. 1.84) to the PbSO, in the original beaker, and 
boil for several minutes. Cool, add slowly 30 cc. of water, and again 
heat to boiling for a few minutes; allow the solution to cool to about 
60° C. and completely transfer the PbSO, to the Gooch crucible. 
Wash with ‘‘lead acid” (see ‘‘Reagents”’) to remove soluble sulfates 
and finally wash free of acid with dilute alcohol (equal parts of ethyl 
alcohol or denatured alcohol and water). Dry in an oven at 105 to 
110° C., or, ignite gently in a radiator or muffle. Calculate to PbO. 
Or, determine as chromate as described below. 

If soluble compounds of barium or calcium are present, BaSQ, 
and CaSO, will be included with the PbSO,. If soluble SiO, is present, 
it will also be included with the PbSO,. In such cases, the PbSO, 
precipitate after washing with dilute alcohol may be dissolved in acid 
ammonium acetate (see ‘‘Reagents’’) and the lead determined as 
PbCrOu,, as described below. For ordinary work, the amount of BaSO, 
dissolved by the acetate treatment may be disregarded. 

If the pigment contains no soluble antimony, barium, or calcium 
compounds, the lead may be determined directly on the original 
pigment, as follows: To 1 g. of the sample in a covered beaker, add 
25 cc. of HNO; (1:1), and boil gently a few minutes. Wash off cover, 
evaporate to dryness on a steam bath, moisten with HNO;, add hot 
water, and heat a few minutes. Filter and wash with hot water until 
washings are lead-free. Add 10 to 20 cc. of HSO, (1:1) to the clear 
solution, evaporate and determine lead as PbSOu,, as above described. 

In the absence of soluble compounds of antimony, iron, aluminum, 
and barium, the following procedure may be used: Treat 1 g. of the 
original pigment with 25 cc. of HNO; (1:1) and proceed as above. 
To the clear solution, diluted to 200 cc. add NH,OH in slight excess, 
acidify with acetic acid, and add 4 to 6 cc. more of this acid; heat to 
boiling and add 10 to 15 cc. of a 10-per-cent solution of K2Cr.Ov. 
Heat until the yellow precipitate assumes an orange color, let settle 
and filter on a weighed Gooch crucible, wash by decantation until the 
washings are colorless, finally transferring all of the precipitate. Then 
wash with 95-per-cent ethyl alcohol and then with ether; dry to con- 
stant weight at 110° C., cool, and weigh PbCrO,. Calculate to PbO. 
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Antimony Oxide.—Transfer 0.3 g. of a straight antimony oxide 
pigment, or 0.5 g. of a mixed pigment, to a 500-cc. Pyrex Erlenmeyer 
flask, add 15 cc. of water and 25 cc. of concentrated HCl (sp. gr. 1.19). 
Cover with a watch glass, warm on the steam bath 10 to 15 minutes 
to dissolve the antimony oxide, wash off cover, add 250 cc. of water, 
and 15 cc. of concentrated H»SO, (sp. gr. 1.84). Boil 2 minutes, cool 
to 10 to 15° C., and titrate to a faint pink tint with 0.1 NW KMnO, 
solution (see ‘‘Reagents’’). Calculate to SbeOs3. 

The above procedure gives only the antimony in the ous condition. 
The following method gives the total antimony (ous and ic forms): 
Transfer 0.3 g. of a straight antimony oxide pigment, or 0.5 g. of a 
mixed pigment, to a 500-cc. Pyrex Erlenmeyer flask, add 15 cc. of 
H2SO, (sp. gr. 1.84), 10 g. of KeSOxu, and a 9-cm. filter paper (to furnish 
carbon to act as a reducing agent). Place a funnel in the neck of the 
flask, and heat until the solution becomes colorless. Cool, wash off 
the funnel, dilute to 250 cc. with water, add 20 cc. of concentrated 
HCl, and boil 2 minutes; cool to 10 to 15° C., and titrate to a faint 
pink tint with 0.1 V KMnQ, solution. For special work, after digest- 
ing, dilute to 100 cc. with water, add 1 to 2 g. of NagSOs, and boil 
until all the SO, is expelled. ‘This is shown when no blue color is 
obtained with starch-iodate paper (see ‘‘ Reagents”); the volume will 
be reduced about one-half. Dilute to 250 cc. with water, add 20 cc. 
of HCl (sp. gr. 1.19), and complete the determination as described. 
Calculate total Sb to SbeOs. 

Antimony Oxide (in the presence of appreciable amounts of iron).— 
Treat 1 g. of the mixed pigment, or 0.3 g. of a straight antimony 
oxide pigment, in a covered 250-cc. beaker with 5 cc. of water and 20 
cc. of HCl (sp. gr. 1.19); heat on the steam bath for 15 minutes, cool, 
wash off cover, add 3 g. of tartaric acid and 100 cc. of hot water, and 
digest a few minutes. Filter, catching the filtrate in a 500-cc. Pyrex 
Erlenmeyer flask; wash thoroughly with hot water, dilute to 300 cc. 
with hot water, and pass in H.S until the precipitation is complete. 
(If the sample contains no insoluble matter, disolve directly in a 
500-cc. Pyrex Erlenmeyer flask, add tartaric acid, dilute, and pass in 
H.S.) Filter, wash with water containing H.S until free from HCl, 
return paper and precipitate to the Erlenmeyer flask, add 15 cc. of 
H2SO, (sp. gr. 1,84) and 10 g. of K:SOu,, place a funnel in the neck of 
the flask, and heat until the solution is colorless. Cool, wash off the 
funnel, carefully dilute the solution to 100 cc. with water, add about 
1 g. of NaeSOs, and boil until all of the SO: is expelled. (Solution will 
be reduced to less than one-half its former volume.) This is shown 
when no blue color is obtained with starch-iodate paper (see ‘‘ Rea- 
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gents”). Dilute to about 250 cc. with water, add 20 cc. of HCl 
(sp. gr. 1.19), boil for 2 or 3 minutes, cool to about 10° C., and titrate 
to a faint pink tint with 0.1 N KMnO, solution (see “ Reagents’’). 
Calculate the total antimony to Sb.Qs3. 

Soluble Barium.—Boil the combined filtrate and washings, 
reduced in volume by evaporation if need be, from the PbS precipitate 
(Total Lead) to expel H2S. Add a slight excess of H»SO, (1:4) over 
the amount required to precipitate the barium, heat to boiling, let 
stand on a steam bath about one hour, filter on a weighed Gooch 
crucible, wash with hot water, dry, ignite, cool, and weigh BaSO, 
(Notes 5 and 8). Calculate to BaO. 

Alumina (Fe,03, TiOz, P20;).—Boil the filtrate from the PbS to 
expel H.S, add a few drops of HNO;, and continue the boiling a few 
minutes to oxidize any iron that may be present. In case soluble 
barium was present, use the filtrate from that determination. To the 
solution containing at least 5 g. of NH,Cl per 200 cc. of solution, or 
an equivalent amount of HCl, add a few drops of methyl] red (0.2-per- 
cent alcoholic solution) and heat just to boiling. Carefully add 
dilute NH.OH drop by drop until the color of the solution changes to 
a distinct yellow. Boil the solution for one to two minutes and filter 
at once. Wash the precipitate thoroughly with hot 2-per-cent NH,Cl 
solution (Note 9). Ignite the precipitate, cool, and weigh as A1,O; 
(Note 10). 

Total Zinc.—(a) To the combined filtrate and washings from the 
alumina precipitate, add sufficient NH,Cl to give 5 g. per 100 cc. of 
solution, and then add 1 g. of ammonium acetate.' 

Render slightly acid with acetic acid and pass in a current of 
HS to saturation. Allow the precipitate to settle completely, filter 
on paper, and wash with a 2-per-cent solution of acetic acid saturated 
with H.S. ‘Transfer the precipitate and filter to the vessel in which the 
precipitation was effected, add 30 cc. of water and 10 cc. of concen- 
trated HCl, heat until all zinc is in solution, add 200 cc. of water and a 
small piece of litmus paper; add strong NH,OH until slightly alkaline, 
render just acid with HCl, then add 3 cc. of concentrated HCl, heat 
nearly to boiling, and titrate with standard potassium ferrocyanide 
solution as in standardizing that solution (see ‘‘Reagents”’). 

(b) Zinc may be determined directly on the original sample as 
follows (Note 11): Weigh accurately about 1 g. (or an amount that 
will give a burette reading approximately equal to that obtained in 
the standardization) of the pigment, transfer to a 400-cc. beaker, 
add 30 cc. of HCl (1:2), boil a few minutes, add 200 cc. of water and 


1F. A, Gooch, ‘‘Representative Procedures in Quantitative Chemical Analysis,’’ Ist Ed., p. 107. 
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a small piece of litmus paper; add strong NH,OH until slightly alka-- 
line, render just acid with HCl, then add 3 cc. of concentrated HCl, 
heat nearly to boiling, and titrate with standard K,Fe(CN)¢ solution 
as in standardizing that solution (see ‘‘Reagents’’). 

(c) When iron is present, total zinc may be determined directly 
on the original sample as follows (Note 11): Weigh accurately about 
1 g. (or an amount that will give a burette reading approximately 
equal to that obtained in the standardization) of the pigment, transfer 
to a 250-cc. beaker, moisten with alcohol, add 30 cc. of HCl (1:2), 
boil for 2 or 3 minutes, and add about 100 cc. of water. Add about 
2 g. of NH.Cl, make slightly alkaline with NH,OH, heat to boiling, 
let settle on steam bath, filter into a 400-cc. beaker and wash the residue 
once with hot water. Remove the 400-cc. beaker and pour dilute 
HCl on the residue, catching the filtrate therefrom in the 250-cc. 
beaker, wash a few times with hot water. Add to this filtrate 1 g. of 
NH,Cl and make slightly alkaline with NH,OH, boil, let settle, filter 
on paper used for first filtration, and wash thoroughly with hot water, 
catching the filtrate and washings in the 400-cc. beaker containing the 
first filtrate. Add a small piece of litmus paper, acidify with HCl, 
add 3 cc. of concentrated HCl, heat nearly to boiling, and titrate with 
standard KyFe(CN). as above. 

(d) With pigments containing ZnO and ZnS the ZnO may be 
determined as follows: Weigh accurately 2.5 g. of the pigment, trans- 
fer to a 250-cc. graduated flask, moisten with a few drops of alcohol, add 
about 200 cc. of 2 to 3-per-cent acetic acid, shake vigorously and let 
stand for 30 minutes at room temperature, shaking once every 5 
minutes. Then let stand at room temperature at least 5 hours, 
preferably overnight. Fill to the mark with 2 to 3-per-cent acetic 
acid, mix, filter through a dry paper, discard the first 25 cc. and trans- 
fer 100 cc. of the filtrate (corresponding to 1 g.) to a 400-cc. beaker. 
To the clear solution add 30 cc. of HCl (1:2), 100 cc. of HO, and a 
small piece of litmus paper; add strong NH,OH until slightly alkaline, 
render just acid with HCl, then add 3 cc. of concentrated HCl, heat 
nearly to boiling, and titrate with K,Fe(CN). as above. Calculate the 
percentage of ZnO (any ZnCO; or ZnSO, is included in the ZnO). 
Subtract this result from the percentage of total Zn as ZnO, and 
calculate the difference to ZnS. 

Soluble Calcium.—Heat the united filtrate and washings, reduced 
in volume if need be, from the ZnS precipitate, to boiling, add 1 cc. of 
NH.OH and an excess of a hot saturated ammonium oxalate solution. 
Continue the boiling until the precipitate becomes granular; let 
stand about one hour, filter, and wash with hot water. Ignite, cool, 
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and weigh as CaO (Notes 5, 12, 13); or, place the beaker in which the 
precipitation was made under the funnel, pierce the apex of the filter 
with a stirring rod and wash the precipitate into the beaker with 
hot water, pour warm dilute H.SO, (1:4) through the paper and wash 
a few times. Add about 30 cc. of dilute H,SO, (1:4), dilute to about 
250 cc.,heat to 90°C. and titrate at once with standard (0.1 V) KMnO, 
solution (the temperature of the solution should not be below 60° C. 
when the end point is reached. See ‘‘Reagents”). Calculate to CaO 
(Notes 5,°12, 13). (The Fe value of KMnO, X 0.502 = CaO value.) 

Soluble Magnesium.—Acidify the filtrate from the calcium precipi- 
tate with HCl, add 10 cc. of a saturated solution of Na(NH,)HPO, 
and NH,OH drop by drop, with constant stirring. When the crystallin 
(NH,)MgPO, has formed, add 5 cc. excess of NH,OH. Allow the 
solution to stand in a cool place for not less than 4 hours, preferably 
overnight (Note 14); filter and wash with water containing 2.5 per 
cent of NH;. Dissolve the precipitate in a small quantity of hot 
dilute HCl, dilute the solution to about 100 cc. with water, add 1 cc. 
of a saturated solution of Na(NH,)HPO, and NH,OH drop by drop, 
with constant stirring, until the precipitate is again formed as 
described, and then add 5 cc. excess of NH,OH. Let the precipitate 
stand in a cool place for not less than 2 hours, filter on a Gooch crucible, 
wash with water containing 2.5 per cent of NHs, ignite, cool, and weigh 
as Mg2P.O7 (Note 15). Calculate to MgO. 

Carbon Dioxide-—Determine by evolution with dilute acid and 
absorption in soda lime or KOH solution. The method given in U.S. 
Geological Survey Bulletin 700, p. 218, shows a convenient apparatus 
for carrying out this determination. Use from 1 to 2 g. of the pigment, 
depending upon the probable CO; content, following the method for 
the determination of carbon dioxide in lime described in the Tentative 
Methods of Chemical Analysis of Limestone, Quicklime and Lime 
Products (Serial Designation: C 25-25 T) of the American Society 
for Testing Materials! (Note 16). 


Total Soluble Sulfur Compounds (Note 5).—Treat 1 g. of the 
pigment in a 400-cc. beaker with 10 cc. of H2O, 10 cc. of strong HCl 
saturated with bromine, and 5 g. of NH,Cl, digest (covered) on a 
steam bath for 5 minutes, dilute with hot water to about 200 cc., 
boil for 5 minutes, filter to separate any insoluble matter, and wash 
thoroughly with hot water. Nearly neutralize the clear solution in a 
covered beaker with NaOH solution, complete the neutralization with 
dry NazCO; and add about 2 g. more of this reagent. Boil 10 to 15 


1See p. 233. 
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minutes, wash off cover, let settle, filter, and wash with hot water. 
Re-dissolve the precipitate in HCl (1:1), reprecipitate with NazCO; 
as above, filter, and wash thoroughly with hot water. Acidify the 
united filtrates with HCl, adding about 1 cc. in excess. Boil to expel 
bromine, and to the clear boiling solution add slowly with stirring an 
excess of a 10-per-cent BaCl, solution. Let stand on a steam bath for 
at least 1 hour, filter on a weighed Gooch crucible, wash thoroughly 
with boiling water, dry, ignite at a dull red heat, cool, and weigh as 
BaSO,. This will include soluble sulfates, SO; formed from SO, and 
the SO; that is formed from sulfide sulfur (Note 8). 

Soluble Sulfate (Note 5).—Treat 1 g. of the pigment with 10 cc. of 
H.O and 10 cc. of concentrated HCl and 5 g. of NH,Cl. Boil until 
H,S is expelled, adding more HCl (1:1) if necessary; dilute with hot 
water to about 200 cc., boil for 5 minutes, filter to Separate any insoluble 
matter, and wash thoroughly with hot water. Nearly neutralize the 
clear solution with NaOH solution and make a double precipitation’ 
with NasCOs, as in preceding method, finally weighing as BaSQ,, as 
described above (Note 8). 

Sulfide Sulfur: (Note 17).—Place 0.5 to,1 g. of the pigment in a 
flask with about 10 g. of ‘‘feathered” or mossy zinc, add 50 cc. of water; 
insert a stopper carrying a separatory funnel and an exit tube. Run 
in 50 cc. of concentrated HCl from the funnel, having previously 
connected the exit tube to two absorption flasks in series; the first 
flask contains 100 cc. of alkaline lead-nitrate solution (see “‘Reagents’’), 
the second flask, 50 cc. of the same solution as a safety device. After 
all of the, acid has run into the evolution flask, heat slowly, finally 
boiling until the first appearance of steam in the first absorption flask. 
Disconnect, let the lead sulfide settle, filter, wash with cold water, 
then with hot water till neutral to litmus paper and washings give no 
test for lead. Dissolve the PbS precipitate in hot, dilute HNOs, and 
determine the lead as PbSO,. Calculate toS. For very rapid work, 
the evolved H.S may be absorbed in an ammoniacal CdCl, or ZnSO, 
solution (see ‘‘Reagents”’) contained in 2 flasks connected in series, 
the contents of the absorption flasks washed into a vessel with cold 
water and diluted to about one liter, acidified with concentrated HCl 
and titrated with standard potassium iodate solution (see ‘‘Reagents”’), 
using starch indicator (see ‘‘Reagents’’). 

Sulfur Dioxide (Note 18).—Transfer 10 g. of the pigment to a 
suitable flask, insert a stopper fitted with a separatory funnel and a 
spray trap delivery tube (Note 19), and attach the latter to a con- 


1Evolution Method of W. G. Scott, ‘‘White Paints and Painting Materials,” p. 257; see also 
Blair, ‘‘ The Chemical Analysis of Iron.” 
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denser. Place about 150 cc. of HCl (1:3) in the funnel, the stopcock 
being closed (Note 20), connect the other end of the condenser with a 
delivery tube which passes through a 2-hole stopper and extends 
nearly to the bottom of an absorption flask; through the other hole 
of the stopper connect a tube or flask to serve as a safety device. Place 
25 cc. of 0.05 N iodine solution (see ‘‘Reagents’’) in the absorption 
flask (dilute with water if need be) and 20 cc. of 10-per-cent KI solution 
in the safety tube; fit stopperin the absorption flask. Open the 
stopcock and allow the acid to slowly enter the flask. Before all of 
the acid is admitted, air (washed with NaOH solution) is forced through 
the top of the separatory funnel (about 2 bubbles per second in the 
KI solution). Boil the solution 3 minutes with the air passing through, 
then remove the source of heat and pass air through for 30 minutes. 
Disconnect the absorption vessels, wash the KI solution into the 
iodine solution, and titrate at once with 0.05 N NasS.Oz3 solution, 
using starch indicator. Run a blank determination in exactly the 
same manner except for the omission of the pigment. Subtract this 
figure from the previous one and calculate the final result to SO: 
(1 cc. 0.05 NV I = 0.0016 g. SO,). 

Matter Soluble in Water.—Transfer 2.5 g. of the pigment to a 
graduated 250-cc. flask, add 100 cc. of water, boil for 5 minutes, cool, 
fill to mark with water, mix, and allow to settle. Pour the supernatant 
liquid through a dry filter paper and discard the first 20 cc. Then 
evaporate 100 cc. of the clear filtrate to dryness in a weighed dish, 
heat for one hour at 105 to 110° C., cool, and weigh. Calculate the 
percentage. ‘The nature of this may be determined by further examina- 
tion, as the percentages of SO; and CaO may be indicative. 


NOTES 


1. A convenient apparatus for this determination is shown in Fig. 1 (6) of the 
Standard Method of Test for Water in Bituminous Materials (Serial Designation: 
D 95) of the American Society for Testing Materials.! 

2. In the absence of much gum or resin the iodine number gives the best, though 
doubtful, indication of linseed oil. The fatty acids may be tested for rosin and 
examined for unsaponifiable matter, following the methods given in the books on 
paints analysis. In some cases it may be desirable to let a portion of the well-mixed 
paint stand until the pigment settles out (or settle by means of a centrifuge), decant 
the vehicle, distil off the thinner, and examine the nonvolatile vehicle. 

3. On an extracted and dried pigment, this determination is of little value. 
If the original paint contained gypsum, a part of the combined H:2O of the latter 
will be driven off in the drying of the extracted pigment and in the “moisture”’ 
determination. 

4, This determination may serve as a rough or approximate check in many 
cases on the COs, H20, etc. 


11924 Book of A.S.T.M. Standards. 
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5. If the original sample contained BaCO; and PbSOx., CaSOx or other soluble - 


sulfate, the soluble Ba will form with the soluble sulfate a precipitate of BaSO, 
which will be determined as ‘insoluble matter.” If the sample contained SrSO, 
or SrCO;, some SrSO, may be counted as BaSOy, some Sr will count as soluble 
barium, and some may be counted as CaO. This element is not separated, as it 
probably will not be encountered, or will be present as an impurity in the Ba and 
Ca compounds. 

6. Any soluble Al,O; (Fe,O;) and in most cases MgO, and sometimes some 
CaO, come from the siliceous pigment used. MgO generally denoted the presence 
of asbestine. 


7. It is not possible to determine the amount of basic lead carbonate and lead 
sulfate when carbonates or soluble sulfates of other metals, such as calcium, are 
present. Also neither basic lead carbonate nor basic lead sulfate are definite 
compounds, 

8. This will include any BaSO, that may have been dissolved as such. The 
weighed precipitate should be tested for CaSOu, and if present, it should be removed 
by treating with hot dilute HCl, filtering, washing, igniting, and again weighing. 

9. For very accurate work, or when the precipitate is large, the precipitate 
should be dissolved in HCI (1:1) and the precipitation repeated. 

10. This precipitate may also contain Fe,O3;, TiO2, and P2Os. 

11. If the sample contains antimony, it should be precipitated by HeS in the 
hot acid solution, filtered off, washed, and the filtrate neutralized, etc., for zinc. 
The H:S precipitate may also contain PbS. If no sulfide separation is made, any 
cadmium present will be counted as zinc. 

12. Care must be exercised in this washing, as 1000 cc. of boiling water will 
dissolve over 0.01 g. of CaC2Qu. . 

13. For more accurate work, the CaC.O, precipitate should be ignited, cooled, 
cautiously moistened with water, redissolved in HCl and the solution diluted to 
100 cc. Then NH,OH should be added in slight excess, the liquid boiled, and filtered 
and washed if a precipitate appears. Then reprecipitate the Ca with NH,OH and 
(NH4)2C2O, as above, filter, wash, ignite, cool, and weigh; or, titrate as described. 

14. The less the amount of magnesium present, the longer the precipitate must 
be allowed to settle. 

15. If the sample contained manganese, it will be caught in large part with the 
Mge2P207. If desired, Mn may be determined by dissolving the Mg2P20,; in HNO; 
and applying the bismuthate method. 

16. If the sample is high in sulfide, e. g., contains a high percentage of lithopone, 
grind 1 to 2 g. of the pigment with dry KeCr.O;, transfer to the evolution flask, add 
50 cc. of water, and run in H2SO, (1:1) from the separatory funnel. Or, place at 
the front of the purifying and drying train a tube containing acidified CuSO, solu- 
tion, KMnO, solution, or CrO3 solution. 

17. The percentage of sulfide sulfur can be calculated from the percentages of 
total zinc and zine soluble in 2 to 3 per cent acetic acid, assuming the sulfide to be 
ZnS. See Method (d) under determination of zinc. 

18. This method is not applicable in the presence of sulfides decomposable under 
the conditions given. 

19. A Knorr CO: apparatus is very convenient. In this case, the vertical con- 
denser may be connected with an absorption tower containing the iodine solution, 
followed by the KI solution in a suitable tube. 

20. To minimize, if not eliminate, any possible oxidation by the air, add about 
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1 g. (in one piece) of NaHCO; to the evolution flask, then add the acid directly to the 
flask, omitting the separatory funnel and the current of air. Boil the solution until 
about 50 cc. of distillate has passed over. 


CALCULATIONS 


The calculation of the component pigments of a mixed or combina- 
tion pigment may be a somewhat difficult matter. Certain assumptions 
must be made, depending upon the complexity of the mixed pigment, 
as to the compoSition or formulas of component pigments and as to the 
manner in which the acidic and basic radicles are combined. Add 
any Al,O3; (Fe.O;) found in the soluble portion to the siliceous matter 
and report the sum as “Insoluble siliceous matter,” unless the soluble 
Al is high; in this case, an aluminate is probably present, and the 
Al,O3 should be reported as AlLO3. If a small amount of soluble Mg 
is found, it should also be added to the siliceous matter. If the soluble 
Mg is high, the presence of MgCOs is indicated, and the MgO is calcu- 
lated to MgCO; as pointed out below. ‘The insoluble siliceous mat- 
ter reported should be based on the weight obtained on drying the 
total insoluble matter at 105° C. if the combined HO contained 
therein is to be considered. 

In the absence of ZnS or TiO:, report BaSO.as BaSO,.. If ZnS is 
present, calculate the BaSO, equivalent by multiplying by 2.85; report 
sum of ZnS+BaSO, as “‘lithopone.”” If TiO: is present, calculate the 
BaSO, equivalent by multiplying by 3.17; report sum of TiO:+BaSO, 
as “‘titanium pigment.’”’ Report residual BaSO,; as BaSO,. If TiO: 
is present and BaSO, is absent or is present in a smaller amount than 
would be indicated by the above factor, then report TiO: as TiO:, and 
BaSO, as BaSQy. If CaCO;, CaSO., BaCO;3, and MgCOs; are absent 
calculate CO: to basic carbonate white lead, (PbCO;)2:Pb(OH)2, and 
soluble SO3 to PbSO,. Any excess of Pb is calculated to PbO, added 
to the PbSO,, and the sum reported as basic lead sulfate; or, multiply 
the sum of PbSO.+ PbO by 0.058 to obtain the ZnO; add this result 
to the PbSO.,+PbO and report as basic sulfate white lead. (The 
ZnO factor is based on the assumption that the average composition 
of commercial basic sulfate white lead is: 78.5 per cent PbSQu:, 16.0 
per cent PbO, and 5.5 per cent ZnO.) Lead oxide (PbO) should not 
be reported except in the presence of PbSO,; unless the entire analysis 
is reported in the elementary or oxide form. 

If the sample contains CO: but no soluble SOs, calculate total Pb 
to basic carbonate white lead, (PbCO3)2°Pb(OH)2; calculate residual 
CO: to CaCOs3, then to BaCO; and MgCO; if soluble Ba and Mg 
should be present in sufficient amounts to indicate the presence of 
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these carbonates. The CO; result will be an index of this. A small 
amount of residual CaO is probably from the sliceous matter and 
should be added to the insoluble siliceous matter. 

A small amount of soluble Ba may be from the CaCO; used or 
may be due to the solubility of BaSO, if this compound is present in 
the original pigment. This Ba may be calculated to BaSO, and added 
to the BaSO, found in the insoluble matter. 

If the sample contains soluble SO; but no COs:, calculate CaO to 
CaSO, or CaSO,°2H20; residual SO; to PbSO.; add residual PbO to. 
PbSO, and report sum as basic lead sulfate; or, multiply PbSO.+ 
PbO by 0.058 and add the result to the PbSO.+ PbO, and report the 
total as basic sulfate white lead. 

If the sample contains CaCO3 (MgCOs, BaCOs) and also basic 
sulfate white lead, or CaSO, and basic carbonate white lead; or a mix- 
ture of these; itis not possible to determine or calculate the amount of 
PbCO; or PbSO, with any degree of certainty (Notes 3 and 5). The 
presence of appreciable amounts of CaO and SO; in the water-soluble 
matter indicates the probable presence of CaSQ, in the original pig- 
ment. ‘The following arbitrary calculations may be made; calculate 
water-soluble SO; to CaSO, or CaSQ,°'2H2O, subtract this SO; from 
total soluble SO; and calculate the remainder to PbSQ,; calculate 
residual CaO to CaCOs, and then residual CO: to (PbCOs)2°Pb(OH)e. 
If there is an excess of CO:, calculate to MgCO; or BaCOQs, if the 
amounts of soluble Mg and Ba indicate the probable presence of these 
carbonates. Add residual PbO to PbSO, and calculate, as above, to 
basic sulfate white lead. The procedure followed by the Federal 
Specifications Board should be noted. 

Report total antimony as Sb2O3. 

Calculate sulfide sulfur to ZnS, subtract the Zn equivalent to the 
S from the total Zn, then subtract the Zn required for the basic sulfate 
white lead, and report the remainder as ZnO. 

Report moisture, loss on ignition, So2, and matter soluble in water 
directly. 

1 Federal Specifications Board Specification No. 10 for ‘‘White Paint and Tinted Paints Made on 
a White Base, Semipaste and Ready Mixed’’; Bureau of Standards Circular No. 89, 2d Ed., p. 2: 
“The total lead dissolved by dilute acetic acid and hot acid, ammonium acetate, weighed as lead 
sulfate, and this weight multiplied by the factor 0.883 shall be considered white lead. (Itis not pos- 
sible to determine the amount of lead carbonate and lead sulfate when carbonates or sulfates of other 
metals, such as calcium, are present. Also neither basic lead carbonate nor basic lead sulfate are 
definite compounds. The factor to convert PbSOs to (PbCO3)2Pb(OH): is 0.854, to convert PbSO« 


to PbSO,: PbO is 0.868, and to convert PbSO: to (PbSO,)2* PbO is 0.913. The arbitrary factor used 
under this specification is the mean of the largest and smallest of these three factors.) ”’ 


TENTATIVE METHOD OF TEST 
FOR | 


DISTILLATION OF GASOLINE, NAPHTHA, KEROSINE, 
AND SIMILAR PETROLEUM PRODUCTS! 


Serial Designation: D 86-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. 


ISSUED, 1921; REVISED, 1923, 1924, 1925. 


APPARATUS 


1. Flask.—The Standard 100-cc. Engler flask is shown in Fig. 1, Flask. 
the dimensions and allowable tolerance being as follows: 


TOLERANCES, 


CENTIMETERS INCHES CM 

Diamecet Of bulb, Outsid@es sag ae scandalous 6.5 2.56 0.2 

ARCO ITShICl ie hm casa... 1.6 0.63 O21 
PeETIOE MOL SOCK 5/2 ¢ 5 Mitts cave cee Sos 1520 5.91 0.4 

Seme AV ALOT. CLUDE TF cals cee Meee asin oar ss 10.0 3.94 0.3 
Diameter of vapor tube, outside......... 0.6 0.24 0.05 

- Sera Se) VATIONS tee teh 0.4 0.16 0.05 
Thickness of vapor tube wall............ Gat 0.04 0.05 


The position of the vapor tube shall be 9 cm. (3.55 in.) =3mm. 
above the surface of the liquid when the flask contains its charge of 
100 cc. The tube is approximately in the middle of the neck and set 
at an angle of 75 deg. (tolerance +3 deg.) with the vertical. 

2. Condenser.—The condenser (Fig: 2) consists of a 3%-in. (14.29 Condenser. 
mm.) OD No. 20 Stubbs Gage seamless brass tube, 22 in. (55.88 cm.) 
long. It is set at an angle of 75 deg. from the perpendicular and is 
surrounded with a cooling bath 15 in. long (38.1 cm.), approximately 
4 in. (10.16 cm.) wide by 6 in. (15.24 cm.) high. The lower end of the 
condenser tube is cut off at an acute angle, and curved downward for 
a length of 3 in. (7.62 cm.) and slightly backward so as to insure 
contact with the wall of the graduate at a point 1 to 14 in. (2.54 to 3.8 
cm.) below the top of the graduate when it is in position to receive 
the distillate. 
ee ses iticioine Of this Tentative Method are solicited and should be directed to Mr. R. P. Anderson, 
Secretary of Committee D-2 on Petroleum Products and Lubricants, 250 Park Ave., New York City. 
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3. Shield—The shield (Fig. 2) is made of approximately 22 
gage sheet metal and is 19 in. (48.26 cm.) high, 11 in. (27.94 cm.) 
long and 8 in. (20.32 cm.) wide, with a door on one narrow side, with 
two openings, 1 in. (2.54 cm.) in diameter, equally spaced, in each of 
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the two narrow sides, and with a slot cut in one side for the vapor 
tube. The centers of these four openings are 83 in. (21.59 cm.) 
below the top of the shield. There are also three 3-in. (1.27 cm.) 
holes in each of the four sides with their centers 1 in. (2.54 cm.) above 
the base of the shield. 
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4. Ring Support and Hard Asbestos Boards—The ring support is Support. 
of the ordinary laboratory type, 4 in. (10.16 cm.) or larger in diameter, 
and is supported on a stand inside the shield. ‘There are two hard 
asbestos boards: One 6 by 6 by ¢ in. (15.24 by 15.24 cm. by 6.35 mm.) 
with a hole 1% in. (3.175 cm.)! in diameter in its center, the sides of 
which shall be perpendicular to the surface; the other, anasbestos board 
to fit tightly inside the shield, with an opening 4 in. (10.16 cm.) in 
diameter concentric with the ring support. These are arranged as 


| 
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follows: The second asbestos board is placed on the ring and the first 
or smaller asbestos board on top so that it may be moved in accordance 
with the directions for placing the distilling flask. Direct heat is 
applied to the flask only through the 1}-in. (3. 175 cm.) opening in 
the first asbestos board. 


5. Gas Burner or Electric Heater.— Heater. 
(a) Gas Burner—The burner is so constructed that sufficient 
heat can be obtained to distill the product at the uniform rate specified 
below. ‘The flame should never be so large that it spreads over a 


1 When distilling petroleum products having an end point above 470° F. (243.34° C.), the hole 
in the asbestos board shall be 14 in. (3.81 cm.) in diameter. 
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circle of diameter greater than 33 in. (8.89 cm.) on the under surface 
of the asbestos board. A sensitive regulating valve is a necessary 
adjunct, as it gives complete control of heating. 

(b) Electric Heater—The electric heater, which may be used in 
place of the gas flame, shall be capable of bringing over the first 
drop within the time specified below when started cold, and of con- 
tinuing the distillation at the uniform rate. The electric heater 
shall be fitted with an asbestos board top % to % in. (3.175 to 6.35 
mm.) thick, having a hole 14 in. (3.175 cm.) in diameter in the center. 
When an electric heater is employed, the portion of the shield above 
the asbestos board shall be the same as with the gas burner but the 
part below the board may be omitted. 


6. Thermometers.— 

(a) The A.S.T.M. Low-Distillation Thermometer shall conform 
to the following requirements. These specifications cover a total- 
immersion thermometer graduated in either Centigrade or Fahrenheit 
degrees, as specified, the ranges being 0 to 300° C. or 30 to 580° F., 
respectively. 


Type: Etched stem, glass. 
Liguip: Mercury. 
RANGE AND SUBDIVISION: 0 to 300° C. in 1° C. or 30 to 580° F. in 2° F. 
TOTAL LENGTH: 378 to 384 mm. (14.88 to 15.12 in.). 
STEM: Plain front, enamel back, suitable thermometer tubing. 
Diameter, 6.0 to 7.0 mm. (0.24 to 0.28 in.). 

Bus: Corning normal or equally suitable thermometric glass. 
Length, 10 to 15 mm. (0.39 to 0.59 in.). 
Diameter, 5.0 to 6.0 mm. (0.20 to 0.24 in.). 

DISTANCE TO 0° C, oR 32° F. LINE FROM BoTToM OF BULB: 100 to 110 mm. (3.94 
to 4.33 in.). | 

DISTANCE TO 300° C. or 572° F. LINE FROM Top OF THERMOMETER: 30 to 45 mm. 
(1.18 to 1.77 in.). 

FILLING ABOVE Mercury: Nitrogen gas. 

Top FInisH: Glass ring. 

GRADUATION: All lines, figures, and letters clear cut and distinct. The first and 
each succeeding 5° C. or 10° F. line to be longer than the remaining lines. 
Graduations to be numbered at each multiple of 10° C. or 20° F. 

IMMERSION: Total. 

SPECIAL MARKING: “A.S.T.M. Low Distillation,” a serial number and the manu- 
facturer’s name or trade mark shall be etched on the stem. 

SCALE Error: The error at any point of the scale when the thermometer is stand- 
ardized as provided. below shall not exceed 0.5° C. or 1° F. 

STANDARDIZATION: The thermometer shall be standardized immersed in the testing 
bath to the top of the mercury column, at the ice point and at temperature 
intervals of approximately 50° C. or 100° F. up to 300° C. or 572° F. 

TEST FOR PERMANENCY OF RANGE: After being subjected to a temperature of 280 
to 290° C. or 540 to 560° F. for 24 hours, the accuracy shall be within the 
limit specified. 
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Case: The thermometer shall be supplied in a suitable case on which shall appear 
The marking: “A.S.T.M. Low Distillation, 0 to 300° C.” or “A.S.T.M. Low 
Distillation, 30 to 580° F.”’ according to the type of thermometer. 

Note.—For the purpose of interpreting these specifications the following defi- 
nitions apply: 

The total length is the over-all length of the finished instrument. 

The diameter is that measured with a ring gage. 

The length of the bulb is the distance from the bottom of the bulb to the begin- 


_ning of the enamel backing. 


= 


The top of the thermometer is the top of the finished instrument. 


(b) The A.S.T.M. High-Distillation Thermometer shall conform 
to the following requirements. These specifications cover a total- 
immersion thermometer graduated either in Centigrade or Fahrenheit 
degrees, as specified, the ranges being 0 to 400° C. or 30 to 760° F., 
respectively. 


Type: Etched stem, glass. 

Liguip: Mercury. 

RANGE AND SUBDIVISION: 0 to 400° C. in 1° C. or 30 to 760° F. in 2° F. 

TOTAL LENGTH: 378 to 384 mm. (14.88 to 15.12 in.). 

STEM: Plain front, enamel back, suitable thermometer tubing. Diameter, 6.0 to 
7.0 mm. (0.24 to 0.28 in.). 

Bus: Corning normal or eq tally suitable thermometric glass. 

Length, 10 to 15 mm. (0.39 to 0.59 in.). 
Diameter, 5.0 to 6.0 mm. (0.20 to 0.24 in.). 

DISTANCE TO 0° C. or 32° F. LINE FRoM Bottom oF BuLB: 25 to 35 mm. (0.98 
to 1.38 in.). 

DISTANCE TO 400° C. or 752° F. LINE FROM Top OF THERMOMETER: 30 to 45 mm. 
(1.18 to 1.77 in.). 

FItLInG ABOVE MErcurRyY: Nitrogen gas. 

Top FINIsH: Glass ring. 

GRADUATION: All lines, figures and letters clear cut and distinct. The first and 
each succeeding 5° C. or 10° F. line to be longer than the remaining lines. 
Graduations to be numbered at each multiple of 10° C. or 20° F. 

IMMERSION: Total. 

SPECIAL MarkKING: “A.S.T.M. High Distillation” a serial number and the manu- 
facturer’s name or trade mark shall be etched on the stem. 

SCALE Error: The error at any point of the scale up to 370° C. or 700° F. when 
the thermometer is standardized as provided below shall not exceed 1° C. 
ore. Tr. 

STANDARDIZATION: The thermometer shall be standardized immersed in the test- 
ing bath to the top of the mercury column, at the ice point and at temperature 
intervals of approximately 50° C. or 100° F. up to 370° C. or 700° F. 

TEST FOR PERMANENCY OF RANGE: After being subjected to a temperature between 
360 and 370° C. or 680 and 700° F. for 24 hours, the accuracy shall be within 
the limit specified. 

Case: The thermometer shall be supplied in a suitable case on which shall appear 
the marking: ‘‘A.S.T.M. High Distillation, 0 to 400° C.” or “A.S.T.M. High 
Distillation, 30 to 760° F.”’ according to the type of thermometer. 
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Note.—For the purpose of interpreting these specifications the following defi- 
nitions apply: 

The total length is the over-all length of the finished instrument. 

The diameter is that measured with a ring gage. 

The length of the bulb is the distance from the bottom of the bulb to the-begin- 
ning of the enamel backing. 

The top of the thermometer is the top of the finished instrument. 


7. Graduate——The graduate shall be of the cylindrical type, ot 
uniform diameter, with a pressed or molded base and a lipped top. 
The cylinder shall be graduated to contain 100 cc., and the graduated 
portion shall be not less than 7 in. (17.78 cm.) nor more than 8 in. 
(20.32 cm.) long. It shall be graduated in single cubic centimeters 
and each fifth mark shall be distinguished by a longer line. It shall 
be numbered from the bottom up at intervals of 10 cc. The overall 
height of the graduate shall be not less than 92 in. (24,8 cm.), nor 
more than 103 in. (26.0 cm.). The graduations shall not be in error 
by more than 1 cc. at any point on the scale. 


PROCEDURE 
8. (a) The condenser bath shall be filled with cracked ice,! and 
enough water added to cover the condenser tube. ‘The temperature 
shall be maintained between 32 and 40° F. (0 and 4.45° C.). 

(b) The condenser tube shall be swabbed to remove any liquid 
remaining from the previous test. A piece of soft cloth attached to a 
cord or copper wire may be used for this purpose. 

(c) One hundred cubic centimeters of the product shall be 
measured in the 100-cc. graduated cylinder at 55 to 65° F. (12.78 to © 
18.33° C.) and transferred directly to the Engler flask. None of the 
liquid shall be permitted to flow into the vapor tube. ~ 

-(d) The thermometer? provided with a cork shall be fitted tightly 
into the flask so that it will be in the middle of the neck and so that 
the lower end of the capillary tube is on a level with the inside of 
the bottom of the vapor outlet tube at its junction with the neck of 
the flask. ? 

(e) The charged flask shall be placed in the 14-in. (3.175-cm.) 
opening in the 6 by 6-in. (15.24 by 15.24-cm.) asbestos board with 
the vapor outlet tube inserted into the condenser tube. A tight 
connection may be made by means of a cork through which the vapor 
tube passes. ‘The position of the flask shall-be so adjusted that the ~ 
vapor tube extends into the condenser tube not less than 1 in. (2.54 cm.) 
nor more than 2 in. (5.08 cm.). 

1 Any other convenient cooling medium may be used. 

2For products having an initial boiling point of 212° F. (100° C.) or higher, the High-Distilla- 


tion Thermometer shall be used; for all other products, the Low-Distillation Thermometer shall be 
used. 
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(if) The graduated cylinder used in measuring the charge shall 
be. placed, without drying, at the outlet of the condenser tube in such 
a position that the condenser tube shall extend into the graduate 
at least 1 in. (2.54 cm.) but not below the 100-cc. mark. Unless the 
temperature is between 55 and 65° F. (12.78 and 18.33° C.) the 
receiving graduate shall be immersed up to the 100-cc. mark in a 
transparent bath maintained between these temperatures. The top 


of the graduate shall be covered closely during the distillation with a 


piece of blotting paper or its equivalent, cut so as to fit the condenser 
tube tightly. 

9. When everything is in readiness, heat shall be applied at a 
uniform rate, so regulated that the first drop of condensate falls from 
the condenser in not less than 5 nor more than 10 minutes. When the 
first drop falls from the end of the condenser the reading of the 
distillation thermometer shall be recorded as the initial boiling point. 
The receiving cylinder shall then be moved so that the end of the 
condenser tube shall touch the side of the cylinder. The heat shall 
then be so regulated that the distillation will proceed at a uniform 
rate of not less than 4 nor more than 5 cc. per minute. The volume of 
distillate collected in the cylinder shall be observed and recorded, to 
the nearest 0.5 cc., when the mercury of the thermometer reaches 
each point that is an even multiple of 25° C. or the Fahrenheit equiva- 
Mor tis pointe 450: Gxws0 .7C., 100°.C..1125,..C.,-etc., or 122° F., 
Re yd PIB 957° RO etety, | 

When the liquid residue in the distillation flask is approximately 
5 cc. the heat may be increased because of the presence of heavy ends 
which have relatively high boiling points. However, no further 


increase of heat shall be applied after this adjustment. ‘The 4 to 5-cc. 


rate can rarely be maintained from this point to the end of the distilla- 
tion, but in no case shall the period between the point when approx- 
imately 5 cc. of liquid remains in the flask and the end point be more 
than 5 minutes. 

The heating shall be continued until the mercury reaches a 
maximum and starts to fall consistently. The highest temperature 


- observed on the distillation thermometer shall be recorded as the 


maximum temperature or end point. Usually this point will be reached 
after the bottom of the flask has become dry. 

The total volume of the distillate collected in the receiving 
graduate shall be recorded as the recovery. 

The cooled residue shall be poured from the flask into a small 


cylinder graduated in 0.1 cc., measured when cool and the volume 


recorded as residue. 
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The difference between 100 cc. and the sum of the recovery and 
the residue shall be calculated and recorded as distillation loss. 


ACCURACY 
10. With proper care and attention to detail, duplicate results 
obtained for initial boiling point and maximum temperature, re- 
spectively, should not differ from each other by more than 6° F. 
(3533 I). 
CORRECTION FOR BAROMETRIC PRESSURE 
11. The actual barometric pressure shall be ascertained and 
recorded, but no correction shall be made except in case of dispute. 
In such cases the temperature points shall be corrected to 760 mm. 
(29.92 in.), by the use of the Sydney Young equation, as follows: 
For centigrade readings: 
C, = 0.00012 (760—P) (273 + i,) 
For Fahrenheit readings: 
Cy = 0.00012 (760—P) (460 + #,) 
in which C, and C; are, respectively, corrections to be added to the 
observed temperature ¢, or ¢;, and P is the actual barometric pressure 
in millimeters of mercury. 
The following table is a convenient approximation of the correc- 
tions as calculated by the above equation. 


CORRECTION! PER 10-MM. 


TEMPERATURE RANGE DIFFERENCE IN PRESSURE, 


DEG. CENT. DEG. FanrR. DEG. CENT. DEG. FAHR. 
LO 530 50—- 86 0.35 0.63 
30— 50 86— 122 0.38 0.68 
50-— 70 122=155 0.40 Giz 
70— 90 158 — 194 0.42 0.76 
90-110 194 — 230 0.45 0.81 
110-130 230 - 266 0.47 0.85 
130 — 150 266 — 302 0.50 0.89 
150- 170 302 — 338 0.52 0.94 
170-190 338 — 374 0.54 0.98 
190 — 210 374 — 410 O57 1.02 
210 - 230 410 —- 446 0.59 1.06 
230 — 250 446 — 482 0.62 ee 
250 —- 270 482-518 0.64 NW 
210-290 518-554 0.66 1.19 
290 — 310 554 — 590 0.69 1.24 
310 - 330 590- 626 0.71 1.28 
330 — 350 626- 662 0.74 1732 
350 — 370 662 — 698 0.76 1.37 
370 — 390 698 — 734 0.78 1.41 
390 — 410 734-770 0.81 1.45 


1 To be added in case barometric pressure is below 760 mm.; to be subtracted in case barometric 
pressure is above 760 mm. 


TENTATIVE METHOD OF TEST 
FOR 
DISTILLATION OF NATURAL GAS GASOLINE! 


Serial Designation: D 216-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to annual revision. 


- IssuED, 1925 


I. APPARATUS 


1. Flask.—The standard 100-cc. Engler flask is shown in Fig. 1, Flask. 
the dimensions and allowable tolerance being as follows: 


CENTI- TOLERANCES, 

METERS INCHES cM. 
igameter, or bulb, outeide.,ove ais.) 6.5 2250 O.2 
Dianieter, ofsreck inside. ;eeeie ys. .... 156 0.63 0.1 
Deo OF NEC Che yee Weisel 3 3 1540 5.91 0.4 
engin ou Vapor. tube whee ee eet ale 5 chen 10.0 3.94 O73 
Diameter of vapor tube, outside......... 0.6 0.24 0.05 
Diameter of vapor tube, inside.......... 0.4 0.16 0.05 
Thickness of vapor tube wall............ One 0.04 0.05 


The position of the vapor tube shall be 9 cm. (3.55 in.) =3 mm. 
above the surface of the liquid when the flask contains its charge of 
100 cc. The tube is approximately in the middle of the neck and set 
at an angle of 75 deg. (tolerance +3 deg.) with the vertical. 

2. Condenser.—The condenser (Fig. 2) consists of a 34-in. (14.29- Condenser. 
mm.) OD No. 20 Stubbs Gage seamless brass tube, 22 in. (55.88 cm.) 
long. It is set at an angle of 75 deg. from the perpendicular and is 
surrounded with a cooling bath 15 in. long (38.1 cm.) approximately 
4 in. (10.16 cm.) wide by 6 in. (15.24 cm.) high. The lower end of 
the condenser tube is cut off at an acute angle, and curved downward 
for a length of 3 in. (7.62 cm.) and slightly backward so as to insure 
contact with the wall of the graduate at a point 1 to 11 in. (2.54 to 3.8 
cm.) below the top of the graduate when it is in position to receive 
the distillate. 

3. Shield —The shield (Fig. 2) is made of approximately No. 22 snieua. 
gage sheet metal and is 19 in. (48.26 cm.) high, 11 in. (27.94 cm.) long 
and 8 in. (20.32 cm.) wide, with a door on one narrow side, with two 


1 Criticisms of this Tentative Method are solicited and should.be directed to Mr. R. P. Anderson, 
Secretary of Committee D-2 on Petroleum Products and Lubricants, 250 Park Ave., New York City. 
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openings, 1 in. (2.54 cm.) in diameter equally spaced, in each of the 
two narrow sides, and with a slot cut in one side for the vapor tube. 
The centers of these four openings are 84 in. (21.59 cm.) below the 
top of the shield. There are also three 4 in. (1.27 cm.) holes in each 
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of the four sides with their centers 1 in. (2.54 cm.) above the base of 
the shield. 

4. Ring Support and Hard Asbestos Boards.—The ring support is 
of the ordinary laboratory type, 4 in. (10.16 cm.) or larger in diameter, 
and is supported on a stand inside the shield. There are two hard 
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asbestos boards: one 6 by 6 by } in. (15.24 by 15.24 cm. by 6.35 mm.), 
with a hole 14 in. (3.175 cm.) in diameter in its center, the sides of 
which shall be perpendicular to the surface; the other, to fit tightly 
inside the shield, with an opening 4 in. (10.16 cm.) in diameter con- 
centric with the ring support. These are arranged as follows: The 
second asbestos board is placed on the ring, and the first or smaller 
asbestos board on top so that it may be moved in accordance with the 
directions for placing the distilling flask. Direct heat is applied to 
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the flask only through the 14 in. (3.175 cm.) opening in the first 
asbestos board. 

5. Gas Burner or Electric Heater. 

(a) Gas Burner-—The burner is so constructed that sufficient Heater. 
heat can be obtained to distill the product at the uniform rate speci- 
fied below. ‘The flame should never be so large that it spreads over a 
circle of a diameter greater than 34 in. (8.89 cm.) on the under surface 
of the asbestos board. A sensitive regulating valve is a necessary 
adjunct, as it gives complete control of heating. ! 
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(b) Electric Heater —The electric heater, which may be used in 
place of the gas flame, shall be capable of bringing over the first drop 
within the time specified below when started cold, and of continuing 
the distillation at the uniform rate. The electric heater shall be fitted 
with an asbestos board top } to + in. (3.175 to 6.35 mm.) thick, having 
a hole 14 in. (3.175 cm.) in diameter in the center. When an electric 
heater is employed, the portion of the shield above the asbestos board 
shall be the same as with the gas burner but the part below the board 
may be omitted. 

6. Thermometer.—The A.S.T.M. Low-Distillation Thermometer 
shall conform to the following requirements. These specifications 
cover a total-immersion thermometer graduated in either Centigrade 
or Fahrenheit degrees, as specified, the ranges being 0 to 300° C. or 
30 to 580° F., respectively. 


TyPE: Etched stem, glass. 
Liguip: Mercury. 
RANGE AND SUBDIVISION: 0 to 300° C. in 1° C. or 30 to 580° F. in 2° F. 
TOTAL LENGTH: 378 to 384 mm. (14.88 to 15.12 in.). 
STEM: Plain front, enamel back, suitable thermometer tubing. 
Diameter, 6.0 to 7.0 mm. (0.24 to 0.28 in.). 

BuLs: Corning normal or equally suitable thermometric glass. 
Length, 10 to 15 mm. (0.39 to 0.59 in.). 
Diameter, 5.0 to 6.0 mm. (0.20 to 0.24 in.). 

DISTANCE TO 0° C. or 32° F. LINE FROM Bottom oF BuLsB: 100 to 110 mm. (3.94 
to 4.33 in.). | 

DISTANCE TO 300° C. or 572° F. LINE FROM Top OF THERMOMETER: 30 to 45 mm. 
(1.18 to 1.77 in.). 

FILLING ABOVE MErcuRY: Nitrogen gas. 

Top FinisH: Glass ring. 

GRADUATION: All lines, figures, and letters clear cut and distinct. The first and 
each succeeding 5° C. or 10° F. line to be longer than the remaining lines. 
Graduations to be numbered at each multiple of 10° C. or 20° F. 

IMMERSION: Total. 

SPECIAL MARKING: ‘'A.S.T.M. Low Distillation,” a serial number and the manu- 
facturer’s name or trade mark shall be etched on the stem. 

SCALE Error: The error at any point of the scale when the thermometer is stand- 
ardized as provided below shall not exceed 0.5° C. or 1° F. 

STANDARDIZATION: The thermometer shall be standardized immersed in the testing 
bath to the top of the mercury column, at the ice point and at temperature 
intervals of approximately 50° C. or 100° F. up to 300° C. or 572° F. 

TEST FOR PERMANENCY OF RANGE: After being subjected to a temperature of 280 
to 290° C. or 540 to 560° F. for 24 hours, the accuracy shall be within the limit 
specified. 

Case: The thermometer shall be supplied in a suitable case on which shall appear 
the marking: ‘‘A.S.T.M. Low Distillation, 0 to 300° C.” or “A.S.T.M. Low 
Distillation, 30 to 580° F.”’ according to the type of thermometer. 


, 
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Note.—For the purpose of interpreting these specifications the following defi- 
nitions apply: 

The total length is the overall length of the finished instrument. 

The diameter is that measured with a ring gage. 

The length of the bulb is the distance from the bottom of the bulb to the begin- 
ning of the enamel backing. 

The top of the thermometer is the top of the finished instrument. 


7. Graduate-—The graduate shall be of the cylindrical type, of 
uniform diameter, with a pressed or molded base and a lipped top. 
The cylinder shall be graduated to contain 100 cc., and the graduated 
portion shall be not less than 7 in. (17.78 cm.) nor more than 8 in. 
(20.32 cm.) long. It shall be graduated in single cubic centimeters 
and each fifth mark shall be distinguished by a longer line. It shall be 
numbered from the bottom up, at intervals of 10 cc. The overall 
height of the graduate shall not be less than 92 in. (24.8 cm.), nor 
more than 10} in. (26.0 cm.). The graduations shall not be in error 
by more than 1 cc. at any point on the scale. 


II. PROCEDURE 


8. Sampling. —Samples should be collected in a previously cooled 
bottle, preferably by immersing the bottle in the liquid, where possible, 
and discarding the first sample. Where immersion is not possible 
the sumple should be drawn off into a previously cooled bottle in such 
a manner that agitation is kept at a minimum. Immediately close 
the bottle with a tight-fitting stopper, and place in an ice bath or 
refrigerator capable of bringing the gasoline to a temperature of not 
less than 32° F. (0° C.), nor more than 49° F. (4.45° C.). 

9. (a) The condenser bath shall be filled with cracked ice! and 
enough water added to cover the condenser tube. ‘The temperature 
shall be maintained between 32 and 34° F. (0 and 1.1°C.). Agitation 
with air greatly aids in maintaining the required temperature range. 

(6) The condenser tube shall be swabbed to remove any liquid 
remaining from the previous test. A piece of soft cloth attached to a 
cord or copper wire may be used for this purpose. 

(c) One hundred cubic centimeters of the product shall be meas- 
ured in the 100-cc. graduated cylinder at 32 to 40° F. (0 to 4.45° C.) 
and transferred directly to the Engler flask. Both the flask and the 
graduated cylinder shall have been cooled to a temperature of from 
32 to 40° F. (0 to 4.45° C.) before use. None of the liquid shall be 
permitted to flow into the vapor tube. 

(d) The thermometer provided with a cork shall be fitted tightly 


| into the flask so that it will be in the middle of the neck and so that 


1 Any other convenient cooling medium may be used. 


Graduate. 


Sampling. 


Procedure. 


338 TENTATIVE METHOD FOR DISTILLATION OF NATURAL GASOLINE 


the lower end of the capillary tube is on a level with the inside of the 
bottom of the vapor outlet tube at its Junction with the neck of the 
flask. | 

(e) The charged flask shall be placed in the 14-in. (3.175-cm.) 
opening in the 6 by 6-in. (15.24 by 15.24-cm.) asbestos board with the 
vapor outlet tube inserted into the condenser tube. A tight connec- 
tion may be made by means of a cork through which the vapor tube 
passes. ‘The position of the flask shall be so adjusted that the vapor 
tube extends into the condenser tube not less than 1 in. (2.54 cm.) 
nor more than 2 in. (5.08 cm.). 

(f) The graduated receiver used in measuring the charge shall be 
placed, without drying, at the outlet of the condenser tube in such a 
position that the condenser tube shall extend into the graduate at 
least 1 in. (2.54 cm.), but not below the 100-cc. mark. The graduate 
shall be immersed at least up to the 100-cc. mark in a transparent 
bath maintained between the temperatures of 32 and 34° F. (0 and 
1.11° C.) The top of the graduate shall be covered closely during the 
distillation with a piece of blotting paper, or its equivalent, and cut 
to fit the condenser tube tightly. A lead washer, or other suitable 
material, resting on the blotting paper is a convenient accessory as 
it serves to hold the paper tightly against the top of the graduate and 
also provides the additional weight necessary to overcome the buoyant 
effect of the liquid in the cooling bath. 


10. When everything is in readiness, heat shall be applied at a 
uniform rate, so regulated that the first drop of the condensate falls 
from the condenser in not less than two nor more than five minutes. 
When the first drop falls from the end of the condenser, the receiving 
cylinder shall be moved so that the end of the condenser tube shall 
touch the side of the cylinder. ‘The heat shall then be so regulated 
that the first 10 cc. of distillate shall be recovered in not less than 
three nor more than four minutes. ‘Thereafter, the rate of distillation 
shall be maintained uniformly at not less than four nor more than 
5 cc. per minute. The reading of the distillation thermometer shall 
be recorded when the level of the distillate reaches each 10-cc. mark 
on the graduate. 

When the liquid residue in the distillation flask is approximately 
5 cc., the heat may be increased because of the presence of heavy ends 
which have relatively high boiling points. However, no further 
increase of heat shall be applied after this adjustment. The 4 to 
5-cc. rate cannot always be maintained from this point to the end of 
the distillation, but in no case should the period between the point 
when approximately 5 cc. of the liquid remains in the flask and the 
end point be more than 5 minutes. . 
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The heating shall be continued until the mercury reaches a 
maximum and starts to fall consistently. The highest temperature 
observed on the distillation thermometer shall be recorded as the 
end point. Usually this point will be reached after the bottom of the 
flask has become dry. If the bottom of the flask is not dry, the opera- 
tor should note this on his report. 

The total volume of the distillate collected in the receiving grad- 

uate shall be recorded as the “recovery.” 
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Fic. 3.—Form for Recording Tests on Natural Gas Gasoline. 


The cooled residue shall be poured from the flask into a small 
cylinder graduated in 0.1 cc., measured when cool, and the volume 
recorded as ‘‘residue”’ at 32 to 40° F. (0 to 4.45° C.). 
The difference between 100 cc. and the sum of the recovery,and 
the residue shall be calculated and recorded as ‘‘distillation loss.” 
11. Correction for Baromeiric Pressure——The actual barometric Correction. 
pressure shall be ascertained and recorded, but no correction shall 
be made except in case of dispute. In such cases the temperature 
points shall be corrected to 760 mm. (29.92 in.), by the use of the 
Sydney Young equation, as follows: 


= 
ee 3 


Recording 
Results. 
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For Centigrade readings: 
C,=0.00012 (760—P) (273++4,), 
For Fahrenheit readings: 
C;=0.00012 (760—P) (460+t,), 
in which C, and C; are, respectively, corrections to be added to the 
observed temperature /, or t;, and P is the actual barometric pressure 
in millimeters of mercury. 
The following table is a convenient approximation of the correc- 
tions as calculated by the above equation. 


CORRECTION! PER 10-MM. 


TEMPERATURE RANGE DIFFERENCE IN PRESSURE, 


DEG. CENT. DEG. FAHrR. DEG. CENT DEG. FAurR. 
10 — 30 50 — 86 0.35 0.63 
30-50 86 — 122 0.38 0.68 
50-70 122. - 158 0.40 0.72 
70-90 158 — 194 0.42 0.76 
90=— 110 194 — 230 0.45 0.81 

110 — 130 230 — 266 0.47 0.85 
130-150 266 — 302 0.50 0.89 
150-170 302 = 338 0.52 0.94 
170 - 190 338 - 374 0.54 0.98 
190 — 210 374 — 410 Oy: 1,02 
210-230 410 — 446 OFO9 1.06 
230 — 250 446 — 482 0.62 1.11 
250 - 270 482 -518 0.64 Peis 
270 — 290 918 — 554 0.66 | ee 4) 
290 — 310 554 — 590 0.69 1.24 
310 — 330 590 — 626 0.71 1.28 
330 — 350 626 — 662 0.74 1,32 
350 — 370 662 — 698 0.76 1,37 
370 — 390 698 — 734 0.78 1.41 
390 — 410 734-770 0.81 1.45 


12. The form shown in Fig. 3 is suggested for the recording of 
results of tests of natural gas gasoline. 


1 To be added in case barometric pressure is below 760 mm., to be subtracted in case barometric 
pressure is above 760 mm, 
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TENTATIVE METHOD OF TEST 
FOR 
MELTING POINT OF PETROLATUM.! 


Serial Designation: D 127-24 T. 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. 


IssuED, 1922; REVISED, 1924. 


I, DEFINITION. 


1 A.S.T.M. Peitrolatum Melting Point.—The temperature at 
which petrolatum becomes sufficiently fluid to leave the thermometer 
used in making the determination of melting point. 


II. APPARATUS. 


2. (a) The melting point thermometer shall conform to the 
specifications for the A.S.T.M. paraffin wax melting point thermom- 
eter, as specified in Section 6 of the Standard Method of Test for 
Melting Point of Paraffin Wax (Serial Designation: D 87) of the 
American Society for Testing Materials.? 

(b) The bath thermometer shall be of any suitable type accurate 
throughout the required range to 2° F. 

3. The test tubes shall be 25 by 100 mm. in size, and shall be 
supplied with corks grooved at sides to permit air circulation and 
bored at the exact center to receive the thermometer. 

4, The beakers shall be of the tall form type and have a capacity 
of 600 cc. 


III. PROCEDURE. 


5. (a) Samples of sufficient size that exactly represent the petro- 
latum under inspection shall be secured. The material shall be 
melted slowly in a casserole or other suitable dish with stirring until 
the temperature reaches 180° F. The source of heat shall then be 
removed and the petrolatum allowed to cool to 15° F. above the 


1 Criticisms of this Tentative Method are solicited and should be directed to Mr. R. P. Anderson, 


Secretary of Committee D-2 on Petroleum Products and Lubricants, 250 Park Ave., New York City. 


21924 Book of A.S.T.M. Standards. 
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temperature that it is anticipated will be its melting point. The ther- 
mometer bulb shall be chilled to 40° F., wiped dry and while still cold 
thrust into the melted petrolatum so that approximately the lower 
half is submerged. It shall be withdrawn immediately, held vertically 
away from the heat until the surface dulls, and then placed in a water 
bath having a temperature not over 60° F. for five minutes. 

(b) The thermometer shall be securely fixed in a test tube by 
means of a cork so that the lowest point is 15 mm. above the bottom 
of the test tube. The test tube shall be surrounded with a water 
bath at a temperature of 60° F. The temperature of the bath shall be 


raised at a rate of 2° F. per minute to 100° F., then at a rate of 1° F. | 


per minute until the first drop of petrolatum leaves the thermometer. 
The temperature at this instant shall be recorded. 

6. If the variation of three such determinations does not exceed 
2° F., the average of these three determinations shall be reported as 
the melting point of the sample under test. If the variation of three 
determinations is greater than 2° F., two additional determinations 
shall be made and the average of five determinations reported as the 
melting point. 


és: 


Bight 


TENTATIVE METHOD OF ANALYSIS OF 
GREASE. 


Serial Designation: D 128-24 T. 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and until its adoption as 


Standard it is subject to revision. 


ISSUED, 1922; REVISED, 1924. 


1. These methods of analysis permit determinations sufficiently 
accurate for referee purposes of all the constituents of greases likely 
to be covered by specifications. These constituents are fillers and 
ash, soap bases, soap, fat, water, excess alkali or acid, petroleum 
products and unsaponifiable matter. No quantitative determination 
of glycerin is described, but a procedure is outlined for its qualitative 
detection. 

: I, SAMPLE. 

2. The size of sample for the soap determination (Methods (1) 
and (2) for Determination of Fillers, Soap, Fat, Petroleum Oil and 
Unsaponifiable Matter) shall be from about 8 to 30 g., depending 
on the consistency of the grease, which is chiefly determined by the 
percentage of soap present. ‘Ten to twenty grams is usually a con- 
venient amount for No. 3 Cup Grease, while thin transmission and 
other greases require a larger sample. ‘The original sample should be 
stirred or mixed until uniform. 

3. Samples need not be weighed more closely than 0.1 g. 


II. SOLVENTS. 

4, The petroleum ether shall have an end point not higher than 
200° F., and 125 cc. of it shall not consume more than 0.2 cc. of 0.5 NV 
potassium hydroxide when a blank test is made as follows: 

One hundred and twenty-five cubic centimeters of petroleum 
ether shall be boiled with 10 cc. of 0.5 N alcoholic potassium hydroxide 
and 50 cc. of neutral 50-per-cent alcohol for 14 hours on a hot plate, 
using a glass tube of about 7 mm. internal diameter and 75 cm. 
long as a reflux condenser. After cooling, the solutions shall be 
titrated with 0.5 N hydrochloric acid and phenolphthalein. Not 

1 Criticisms of this Tentative Method are solicited and should be directed to Mr. R. P. Anderson, 
Secretary of Committee D-2 on Petroleum Products and Lubricants, 250 Park Ave., New York City. 
(343) 
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less than 9.8 cc. of 0.5 WN acid shall be required for neutralization. 
The amount of alkali consumed in this test shall be deducted as a 
blank correction in the fat determination on solution (£).} 

5. The alcohol shall be prepared from commercial 95-per-cent 
grain or denatured grain alcohol by distilling from sodium hydroxide, 
diluting to 50 per cent (or 70 per cent) by volume with distilled water 
and neutralizing exactly with sodium or potassium hydroxide and 
phenolphthalein. 

6. The phenolphthalein solution shall be prepared by dissolving 
1.0 g. of phenolphthalein in 50 cc. of strong redistilled alcohol, adding 
50 cc. of water, and neutralizing with sodium or potassium hydroxide. 

7. Concentrated c.p. hydrochloric acid shall be used when 
“concentrated hydrochloric acid” is specified. Hydrochloric acid, 
10-per-cent, shall contain 10 per cent by weight of absolute HCl, with 
a permissible variation of + 0.5 per cent. 


III. PROCEDURE. 
(A) Determination of Ash. 


Note.—The determination of the total ash should not in general be regarded 
as of any great importance. It is, however, sometimes required. ‘This determina- 
tion is often unsatisfactory on account of interaction between sodium carbonate 
derived from the soap, and inorganic fillers. There is always likelihood of reaction 
with the porcelain crucible itself on account of the long continued heating necessary 
to burn out all carbon. Moreover, if much sodium or potassium carbonate is present, 
the ash is fusible and often encloses carbon, making complete removal of the latter 
very difficult. Results will always be low in the presence of easily reducible oxides 
of volatile metals. There is also uncertainty as to when calcium carbonate has 
been completely ignited to calcium oxide. Ash determinations made on the same 
sample in different laboratories are likely to vary widely. For these reasons, it is 
usually preferable to make separate determinations of the percentage of fillers and 
of soap, from which data a calculation is easily made giving all the information to 
be gained from a direct determination of total ash. 


8. The percentage of ash shall not be included in the total of 
the analysis. 


(1) Rapid Routine Method of Ash Determination. 


9. From 2 to 5 g. of grease shall be placed in a weighed porcelain 
crucible, and the sample weighed to the nearest 0.1 g. If lead or 
zinc soap is known to be absent, a platinum crucible is more con- 
venient. The combustible matter shall be burned off slowly and the 
residue finally ignited until the ash is free of carbonaceous matter. 
The crucible and contents shall then be cooled in a desiccator and 
weighed, reporting the result as percentage of ash. 


i Solutions designated by capital letters in parentheses refer to the solutions given in Fig. 1. 
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(2) Alternative Method of Ash Determination. 


10. The sample shall be burned as in method (1) until the ash is 
nearly free from carbon. The crucible and contents shall then be 
cooled, the soluble portions dissolved in a little water, and a slight 
excess of dilute sulfuric acid added, running the acid in carefully 
from a pipette inserted under a small watch glass covering the crucible. 
The crucible and contents shall then be warmed on the steam bath 
until effervescence has ceased. The watch glass shall then be rinsed 
with water into the crucible. The solution when tested with methyl 
orange for free acidity shall show free acid present. The contents 
of the crucible shall be evaporated to dryness, and the whole ignited 
at a low red heat, adding a few small pieces of dry ammonium car- 
bonate to drive off the excess of sulfur trioxide. After cooling and 
weighing, the result shall be reported as “percentage of ash as sul- 
fates.” 

The alternative method gives more concordant results than the 
first method, but requires more time and manipulation. 


(B) Qualitative Examination of Ash. 


11. An easily fusible ash, dissolving completely in water to give 
a strongly alkaline solution, indicates a grease containing sodium, 
potassium, or both. A white infusible ash, practically insoluble in 
water, but imparting to it an alkaline reaction, may indicate calcium, 
with or without magnesium or aluminium. Zinc is shown by the 
yellow color of the ash while hot, and lead may be indicated by the 
presence of metallic globules, or by the yellow color of the ash when 
cold. | 

12. The ash shall be dissolved in dilute nitric or hydrochloric 
acid, and the presence of the several bases confirmed by suitable 
chemical tests, any standard scheme of qualitative analysis being 
followed. 


(C) Quantitative Examination of Ash. 


13. For the quantitative examination of ash any standard 
analytical procedure shall be used, the choice of methods being based 
on the information gained from the qualitative tests. If only one 
base is present, a quantitative determination is in general unnecessary. 


(D) Determination of Fillers, Soap, Fat, Petroleum Oil and Un- 
sapontfiable Matter. 


14. Cup, fiber and sponge greases, with or without graphite, 
and all comparatively light colored greases, including axle greases, 
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shall be examined by method (1). Dark greases containing residuum, 
asphaltic oils and asphalt, tars, etc., shall be examined by method (2), 
as these ingredients usually cause stubborn emulsions if a shaking- 
out process is applied at the start. 


(1) Determination of Filler, Soap, Fat, Etc. 

15. If no fillers are present, Sections 15 and 16 shall be passed 
over and the grease sample introduced directly from a weighing 
bottle into a separator, the weight of the sample being obtained by 
difference. (See Section 2.) The sample shall then be shaken with 
75 cc. of petroleum ether and 50 cc. of 10-per-cent hydrochloric acid 
until the grease is completely decomposed, after which Section 17 
shall be followed. If fillers are present, the sample (See Section 2) 
shall be weighed in a small beaker, 50 cc. of 10-per-cent hydrochloric 
acid added and the beaker warmed on the steam bath, stirring until 
all soap lumps have disappeared and the upper layer is clear. If 
undissolved mineral matter or other filler is present, both layers 
shall be filtered through a Gooch crucible provided with a suitable 
mat, the beaker and crucible washed with water and petroleum ether, 
and the crucible finally washed with strong alcohol, collecting the 
alcohol washings separately and discarding them. ‘The crucible and 
contents shall then be dried at 120° C. and weighed, and the result 
reported as “‘percentage of insoluble matter” (graphite, mica, talc, 
asbestos, gypsum, wood pulp, etc.) 

16. If gypsum is present as a filler, the results obtained in the 
determination described in Section 15 will be too low because of the 
solubility of calcium sulfate in hydrochloric acid. A sample of about 
5 g. of grease shall be weighed in a small beaker, and decomposed 
with 50 cc. of petroleum ether and 25 cc. of concentrated hydro- 
chloric acid, warming on the steam bath until all gypsum 1s dissolved. 
The contents of the beaker shall be cooled and poured into a separa- 
tory funnel, the beaker rinsed with water and a little petroleum ether 
and the solutions in the funnel allowed to separate clearly. The 
lower layer shall then be drawn into a beaker, and the petroleum 
ether in the separator washed with two portions of 20 cc. each of 10- 
per-cent hydrochloric acid, adding the washes to the strong acid 
solution in the separator. The hydrochloric acid solution in the 
beaker shall then be evaporated on the steam bath almost to dry- 
ness, diluted to 150 cc. with water, heated to boiling and treated 
with 10 cc. of 10-per-cent barium chloride solution. The barium 
sulfate shall then be filtered off and ignited in the usual way, and 
from the weight of the barium sulfate, the percentage of calcium 
sulfate shall be calculated, reporting it as CaSO,* 2H2O. 


eae 
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Note.—Chalk and other forms of alkaline earth carbonates are not determined 
by this method, but are considered under the determination of free alkalinity, 


Section 24. 
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FATTY ACID FROM FAT 
Fic. 1.—Scheme of Grease Analysis. 


17. The solution resulting from the decomposition of the filler- Determina- 
free grease or the combined filtrate and washes from the determination 4" of Soap. 
of fillers (Section 15), except the alcohol, which is discarded, shall be 
placed in a separator, allowed to clear, and the aqueous layer (A)! 


: 1 Solutions designated by capital letters in parentheses refer to the solutions given in Fig. 1. 
ee 
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which contains all the bases as well as glycerin, shall be drawn into 
another separator. The petroleum ether layer (B) shall be washed 
three times with 25cc. of water to remove hydrochloric acid, adding 
the washings to (A). Solution (B) shall then be run into a 250-cc. 
separator. The aqueous solution (A) shall then be washed twice 
with 20 cc. of petroleum ether (C), whereupon (A) is set aside for 
examination for glycerin (see Section 18). Solution (C) shall then 
be washed once with 15 cc. of water, which is rejected, and (C) shall 
be added to (B). If (B) and (C) are comparatively light colored, an 
approximate determination of free fatty acids and fatty acids from 
soap may now be made by titrating the solution in the separator 
with 0.5 N alcoholic potassium hydroxide and phenolphthalein, 
using 200 as the average neutralization value of the fatty acid (that 
is, 1.0 g. of fatty acid requires 200 mg. of absolute KOH for neutral- 
ization). If solutions (B) and (C) are dark, a few drops of phenol- 
phthalein and sufficient 0.5 N alcoholic potassium hydroxide shall 
be added to make the alcoholic layer distinctly alkaline after vigorous 
shaking. If the solutions have been titrated, a slight excess of alkali 
shall be added before separating. The conservative addition of 
strong alcohol at this point may aid in securing rapid and sharp 
separation. ‘The two solutions shall be allowed to separate sharply 
and the lower alcoholic layer (D) drawn off into another separator. 
The upper petroleum ether layer (£) shall be washed three times, 
with 30, 25 and 20 cc. of neutral 50-per-cent alcohol respectively, 
adding these washes to (D). Solution (D) shall be washed with 25 
cc. of petroleum ether, after which (D) is drawn off into a beaker, 
and the petroleum ether added to (Z). Solution (D) shall then be - 
evaporated toa small volume to remove alcohol, the residue of potas- 
sium soap washed into a separator with hot water, acidified with 
hydrochloric acid and shaken out twice with 50 and 25 cc. of ethyl 
ether (F), respectively. Solution (7) shall be run into another 
separator and washed twice with 20-cc. portions of water, which is 
discarded. Solution (F) shall then be transferred to a weighed 
beaker and evaporated to dryness on the steam bath, blowing with 
air to remove all traces of petroleum ether. The residue consisting 
of free fatty acid and fatty acid from soap shall be heated for a short 
time on a steam bath, adding and evaporating 5 cc. of absolute alcohol 
to remove the last traces of water, and weighed. ‘The exact neutrali- 
zation value shall then be determined on as large a sample of these 
fatty acids as possible. From the total fatty acid found here, the 
free acid if any (see Sections 23 and 25) shall be deducted and the 
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remainder calculated to percentage of soap, using the ash analysis 
as a guide in distributing the bases, if more than one are present. 

The fatty acids may be identified to some extent by special 
tests, such as odor, crystal form, melting point, iodine number, 
neutralization value, color reactions, etc. 

If the grease is appreciably oxidized, the fatty acids obtained by 
the ethyl ether extraction are likely to be dark in color and hard to 
‘identify. For further study and identification, the neutralized acids 
may be extracted again (qualitatively) with petroleum ether and 
dilute HCl, thus eliminating the small amount of more darkly colored 
matter. 

18. In case it is desired to determine whether a grease has been 
made from whole fats or from fatty acids, solution (A) shall be neutral- 
ized with dry sodium carbonate and sufficient excess added to pre- 
cipitate calcium or other metals. The whole mass shall then be 
evaporated to dryness, the residue extracted several times with 
strong alcohol, the combined alcoholic extracts filtered, and the 
alcohol evaporated. ‘The residue will then contain most of the glycerin, 
with a little sodium chloride. The presence or absence of glycerin 
in the residue shall be confirmed by suitable qualitative tests. 

Since fats on saponification yield between 10 and 11 per cent of 
glycerin, and this analytical scheme does not include a quantitative 
determination of glycerin, the total percentages in greases made 
from fats should always be less than 100. 

19. The petroleum ether solution (£) (Section 17), containing 
free fat, petroleum oils, and unsaponifiable matter shall be concen- 
trated to a volume of about 125 cc. in a 300-cc. Erlenmeyer flask, 10 
cc. of 0.5 N alcoholic potassium hydroxide and 50 cc. of strong neutral 
alcohol added, and the whole boiled on a hot plate with an 
air condenser for 13 hours. The uncombined alkali shall be 
titrated with 0.5 N hydrochloric acid, and from the alkali consumed, 
corrected for the blank determination as specified in Section 4, the 
percentage of free fat shall be calculated, using 195 as the average 
saponification value (that is, 1.0 g. of fat requires 195 mg. of absolute 
KOH for saponification.) 

The titrated solution (G) shall be placed in a separator, the 
alcoholic lower layer (H) drawn off into another separator and the 
remaining traces of soap removed as described for (B) and (C), Sec- 
tion 17, making only two washes with 30 and 20 cc. of 50-per-cent 
alcohol (I). Solutions (H) and (J) shall be combined, washed once 
with a little petroleum ether, which is added to solution (G), and 
solutions (H) and (I) then evaporated to a small volume and the 
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fatty acid isolated as described for (D), Section 17. The percentage 
of fat may be checked by weighing and titrating the free fatty acid. 

20. The petroleum ether solution (G), now containing all the 
hydrocarbon oils and unsaponifiable matter shall be evaporated to 
dryness in a weighed beaker as described for (Ff), Section 17, the 
residue weighed, and the result Sue as ‘“‘petroleum oils plus 
unsaponifiable matter.” 

An approximate determination of the viscosity of the petroleum 
oil may be made by using a 2 or 5-cc. pipette, which has been standard- 
ized against oils of known viscosities. If a complete characterization 
of the petroleum products is required, a new sample of from 150 to 
200. g. of grease shall be decomposed as described above, except that 
all quantitative operations shall be omitted, as well as the isolation 
of the free fatty acids, and the use of standard alkali and acid is not 
necessary. 

If the grease contains rosin oil, beeswax, de gras, spermaceti, 
spermatin, montan wax, candle pitch, and other materials containing 
a large amount of unsaponifiable substances, the petroleum oils 
isolated from solution (G) will contain the unsaponifiable matter, 
and the constants found will differ from those of the petroleum pro- 
ducts used in making the grease. In most cases, no further separation 
is possible except in the hands of skillful and experienced operators 
who can devise special methods to suit the individual conditions. 


(2) Determination of Filler, Soap, Fat, Etc. 

21. ‘The sample shall be weighed in a 3-in. porcelain dish, 10 g. 
of granulated acid potassium sulfate added and 10 g. of clean dry 
ignited sand. ‘The dish and contents shall be heated on the steam 
bath with frequent stirring until all water is driven off, two hours 
usually being sufficient. After cooling and breaking up lumps with 
a small pestle, the mixture shall be transferred quantitatively to an 
extraction thimble, using a little petroleum ether to wash the last 
traces into the thimble, which should be already placed in a Soxhlet 
apparatus. ‘The thimble shall be extracted thoroughly with petroleum 
ether, the extract concentrated somewhat if necessary, and the free 
fatty acid and fatty acid from soap titrated with 0.5 N alcoholic 
potassium hydroxide as in solutions (B) and (C), in method (1), 
Section 17. From this point on, the procedure is identical with that 
given in method (1), Sections 17, 19 and 20. 

22. The thimble shall be extracted a second time with carbon 
disulfide, the extract evaporated to dryness, heated for one hour to 
120° C. and weighed, the results being reported as asphaltic and 
tarry matter. The residue in the thimble shall be discarded. 


\ 
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(E) Determination of Free Alkali and Free Acid. 


23. From 10 to 30 g. of grease shall be weighed in a small beaker, 
dissolved as completely as possible in 75 cc. of petroleum ether by 
stirring with a spatula, the mixture washed into a 250-cc. Erlenmeyer 
flask with a small amount of petroleum ether, and the beaker rinsed 
with 50 cc. of 70-per-cent alcohol, the alcohol being poured into the 
flask, after which a few drops of phenolphthalein solution shall be 
added and the whole shaken vigorously. If the alcoholic layer, after 
settling for a few seconds, is pink, 10 cc. of 0.5 N hydrochloric acid 
shall be added, the solutions boiled on a hot plate for ten minutes to 
expel carbon dioxide, and the excess acid titrated back with 0.5 WV 
alcoholic potassium hydroxide. ‘The free alkalinity shall be calculated 
in terms of hydroxide of the predominating base. 

24. If chalk or any other form of alkaline earth carbonate, or 
lead carbonate, is present as a filler, it will be detected by effervescence 
on adding the hydrochloric acid. As the amount of such carbonates 
is likely to be considerable, the volume of 0.5 N hydrochloric acid 
added shall be increased sufficiently to dissolve all carbonate and 
leave a slight excess of acid. ‘The solution shall be boiled for two 
_ minutes and the excess acid titrated back with 0.5 N alcoholic potas- 
sium hydroxide, and from the acid consumed, its equivalent in calcium 
carbonate, etc., shall be calculated, disregarding any other forms of 
alkalinity which may have been present. 

25. If the original alcoholic layer is not pink, the solution shall 
be titrated carefully in the cold with 0.5 N alcoholic potassium hydrox- 
ide, shaking well after each addition. The acidity shall be calculated 
as oleic acid. 

26. If soaps of iron, zinc, aluminium, or other weak bases are 
present, a determination of free acid is not possible, since these metal- 
lic soaps react with potassium hydroxide. Up to the present, no 
means has been devised whereby this determination can be made 
directly. 

(F) Determination of Water. 

27. The quantity of water shall be determined in accordance 

with the Standard Method of Test for Water in Petroleum Products 


and Other Bituminous Materials (Serial Designation: D 95) of the 
American Society for Testing Materials. 


11924 Book of A.S.T.M. Standards. 
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TENTATIVE METHOD OF TEST 
PGR AS 
PENETRATION OF GREASES}! 


Serial Designation: D 217-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to annual revision. 


ISSUED, 1925 


It should be understood that the original consistency of grease is determined 
by a variety of factors which are very difficult to control. The soap content is 
the most important single factor, but the kind of fats used, the method of 
mixing, the final water content, and the temperature of pouring are all very 
important in determining the final consistency, so that it is impracticable to 
maintain these consistencies within narrow limits. Any working of the sample 
after it is poured, or any remelting, will greatly change the consistency. The 
original consistency also changes to some extent on standing, changing most 
rapidly during the first 48 hours after manufacture and more slowly thereafter. 

Although most tests in the past have been based on the original consistency 
of greases, this consistency bears no necessary relationship to the worked con- 
sistency which is the factor of practical importance for most uses of cup greases, 
etc. Tests on such greases should therefore be made on the worked consistency. It 
is also almost impossible to measure the unworked consistency when samples 
have to be taken from barrels or other large containers. 

On the other hand, for very hard greases, such as railroad greases used in 
slab form, the original or unworked consistency is generally the property of 
practical importance and should be the object of the test. 


1. This method shall be used to measure the original consistency 

or the worked consistency of No. 0 cup grease and all harder greases. 
. 2. The method should be applied only to greases which have not 
been melted after having been poured and cooled during manufacture. 


x i” -APPARATOUS 


3. The penetration shall be measured on what is customarily 
known as an asphalt penetrometer such as that described in the 
Proceedings of the American Society for Testing Materials, Vol. VII, 
p. 626 (1907), and illustrated in Fig. 3 herein. It is desirable, 
however, to modify this penetrometer by placing a flat metal plate or 


1 Criticisms of this Tentative Method are solicited and should be directed to Mr. R. P. Anderson, 
Secretary of Committee D-2 on Petroleum Products and Lubricants, 250 Park Ave., New York City. 
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Fic. 1.—Grease Worker 
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transite board on top of the present grid base to give a flat support 
for the grease can. If many tests are to be made, it is preferable to 
replace the ordinary grid base with a special flat base 6 in. in diameter. 
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Fic. 2.—Penetrometer Cone. 
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4. The needle used in the asphalt penetration tests shall be 
Plunger. replaced with the cone shown in Fig. 2.1. The cone shall be constructed 
of stainless steel or of brass with a detachable hardened steel or 


001"a 


1 The cone may be combined with the asphalt plunger, if desired, providing the total weight of 


cone and plunger and the outside dimensions of the cone are not thereby changed. 


‘ 
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stainless steel tip and made in accordance with the outside dimen- 
sions and tolerances shown. ‘The interior construction and dimen- 
sions without tolerances are intended to be suggestive only. The 
outside surface of the cone and tip shall be given a very smooth finish. 

5. The total moving weight in the test shall be 150 g. If the 
asphalt plunger weighs 47.5 g. (50 g. — 2.5 g. needle) the cone or 
the cone plus an attached weight must weigh 102.5 g. It is in 
general desirable to make the cone as light as possible so that it 


Fic. 3.—Penetrometer. 


will have a wide range of usefulness, and to add a weight to give 


‘the desired total for the grease test. If the conditions of the tests 


are not specified, the penetration of a grease shall be understood to 
refer to the results of this test made at 77° F. (25° C.). 
6. The grease worker shown in Fig. 1 shall be used to work the 


grease to constant consistency in tests where the worked con- 


sistency is to be measured. 
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7. A constant temperature bath regulated to 77° F. +1° F. 
(25° C. £0.5° C.) is desirable to bring the samples to the temperature 
of test if many tests are to be made. 


II. SAMPLES 


8. Tests on the unworked consistency of grease shall be made 
only on grease in the original container (or cake in the case of very 
hard greases), 1-lb. tins being especially convenient for the purpose. 
If samples are to be taken from large containers, the tests must be 
made only on a sample worked as specified below. In taking samples 
from large containers, any discolored layers near the surface shall first 
be completely cut away and rejected. 


III. PROCEDURE 
(A) Original (Unworked) Consistency 


9. The temperature of the sample shall be brought to within 1° F. 
(0.5° C.) of 77° F. (25° C.) before the test. If the sample is initially 
within 3 to 4° F. (1.5 to 2° C.) of this temperature, it can be brought 
to 77° F. (25° C.) by placing in a water bath for 30 or 40 minutes, 
but if the initial temperature is outside this range it must be placed 
in the constant temperature bath for 1} hours to insure reaching the 
final constant temperature. If the room temperature is more than 
3 to 4° F. (1.5 to 2° C.) from 77° F. (25° C.) a lid should be placed on 
the can, sealing with grease to prevent the entrance of water and the 
can immersed in the bath for the required period as, otherwise, the 
temperature of the surface will be different from that of the main 
body of the grease. Any holes or seams in the can should also be « 
sealed with grease or paraffin. 

10. The surface of the grease shall be cut level mn very smooth 
with a knife. Care must be taken not to work the surface of the 
grease. Any crust or discolored layers shall be completely removed 
before testing. 

11. The can of grease shall be placed on the penetrometer table 
and the cone lowered until the tip just touches the surface. Watching 
the shadow of the tip aids in accurately setting the cone. The scale 
shall then be set to zero and the plunger released suddenly and kept 
released for five seconds. The penetration is read from the scale 
(the units being tenths of a millimeter) by the same procedure as is 
customary in measuring asphalt penetration as described in the 
Standard Method of Test for Penetration of Bituminous Materials 
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(Serial Designation: D5) of the American Society for Testing 
Materials. 

12. In making tests, the total surface area disturbed by the test 
has a diameter about equal to the measured depth of penetration. 
In order to prevent one test from being affected by another disturbed 
area or by sides of the can, in starting a test the tip shall never be 
placed closer to the sides of the can or the edge of a previous hole 
than the penetration distance of that particular grease. The grease 
shall not be smoothed over for further tests. 

13. Five tests shall be made on each sample and the average 
reported as the consistency, if the mean deviation of these readings 
does not exceed 3.0 per cent. If the mean deviation does exceed 
3.0 per cent, the average of ten readings shall be reported as the con- 
sistency of the sample. More than one 1-lb. can will be needed for 
the required number of tests on the softer greases. 


(B) Procedure for Worked Consistency 


14. The procedure for worked greases shall be the same as that 
for unworked consistency except that the grease to be tested shall be 
transferred to the worker, which shall be filled heaping full with a 
minimum inclusion of air, brought to within 2° F. (1° C.) of 75° F. 
(24° C.) and worked with 60 double strokes of the plunger.2 The top 
and plunger can then be removed, the surface smoothed over and the 
test made at once, if the temperature is within 1° F. (0.5° C.) of 77° F. 
(25° C.). As soon as one test is made, the surface may be smoothed 
over for the next, taking care to avoid creating air pockets. If desired, 
the grease may be transferred carefully to another container before 
bringing to 77° F. (25° C.) and testing. One 1-lb. sample is sufficient 
for all tests. 

1 AS.TM. Standards Adopted in 1925. 
2In general quite similar results may be obtained by working the grease thoroughly for five minutes 


with a spatula on a flat plate, providing care is taken to prevent working in much air. For referee tests, 
however, the standard worker must be used. 
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TENTATIVE METHODS OF TEST 
FOR 
VISCOSITY OF PETROLEUM PRODUCTS 
AND LUBRICANTS! 


Serial Designation: D 88-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to revision. 


ISSUED, 1921; REVISED, 1923, 1924, 1925. 
1. (a) Viscosity shall be determined by means of the Saybolt 
Universal or Saybolt Furol Viscosimeter. 
(b) In general, the Saybolt Universal Viscosimeter shall be 
used for lubricants and the Saybolt Furol Viscosimeter for fuel oils 
and other oils of similar viscosity. 


TABLE [.—DIMENSIONS OF OIL TUBES. 


Saybolt Universal Viscosimeter Saybolt Furol Viscosimeter 
Dimensions 
Minimum,| Normal, | Maximum,| Minimum,} Normal, | Maximum, 
cm em cm cm em cm 
Inside diameter of outlet tube.............. 0.1750 0.1765 0.1780 0.313 0.315 0.317 
Outside diameter of outlet tube at lower end. 0.28 0.30 0.32 0.40 0.43 0.46 
Length of outlet tube! isaac eceeaiee Te Aaa) 1.225 1.235 1.215 1.225 1.235 
Height of overflow rim above bottom of out- 
LeG tubet i. he) tos ahaee etch clea 12.40 12.50 12.60 12.40 12.50 12.60 
Outside diameter of overflow rim, at the 
TOPO FT ehh rai ley ame kee By eae a Stal 3.30 Ad AP) 3.30 
Diameter of container!..................2.. 2.955 2.975 2.995 2.955 2.975 2.995 
Depth of cylindrical part of container!....... 8.8 ie) ate Ns 8.8 Se Ar 


Diameter of container between bottom of 
cylindrical part of container and top of 
OUtles GUDEL Anta. heals a eet 0.9 seas Saar 0.9 seine ate 


1 This dimension is identical in the Saybolt Universal and the Saybolt Furol instruments. 

@ The minimum value shall preferably be not less than 3.2 em. 

6 The section of overflow rim shall be bounded by straight lines, except that a fillet is permissible at the junc- 
tion with the bottom of the gallery. 


(c) The Saybolt Universal Viscosimeter shall not be used for 
times of flow less than 32 seconds. 


I. APPARATUS 
2. (a) The Saybolt viscosimeters (see Fig. 1) are made entirely 
of metal. ‘The oil tube, A, is fitted at the top with an overflow cup, 
B, and the tube is surrounded by a bath. At the bottom of the oil 
tube is a small outlet tube through which the oil to be tested flows 
into a receiving flask, Fig. 2, whose capacity at 20° C. (68° F.) to a 
mark on its neck is 60, +0.15, cc. The outlet tube is of hard and non- 


1 Criticisms of these Tentative Methods are solicited and should be directed to Mr. R. P. Anderson, 
Secretary of Committee D-2 on Petroleum Products and Lubricants, 250 Park Ave., New York City. 
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corrosive metal such as stainless steel, monel metal, etc. The inside 
diameter of neck of flask, at the level where the graduation mark is 
placed, is 0.8 to 1.1 cm. The lower end of the outlet tube is enclosed 
by a larger tube, which when stoppered by a cork, C, acts as a closed 
air chamber and prevents the flow of oil through the outlet tube until 
the cork is removed and the test started. A looped string may be 
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Fic. 1.—Sectional View of Fic. 2.—Receiving Flask. (This 
Standard Oil Tube. type of flask is recommended as 


convenient and durable.) 


attached to the lower end of the cork as an aid to its rapid removal. 
The temperatures in the oil tube and in the bath are shown by ther- 
mometers. ‘The bath may be heated by any suitable means. ‘The 
oil tube shall be thoroughly cleaned, and all oil entering the oil tube 
shall be strained through a 100-mesh wire strainer. A stop watch 


shall be used for taking the time of flow of the oil and a pipette shall 


be used for draining the overflow cup. 
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(b) The oil tubes, which may be standardized by the U. S. 
Bureau of Standards, shall conform to the dimensions given in 
Table I. The time of flow shall be within +1 per cent of the time as 
obtained with the Bureau of Standards’ master tube.! 

(c) The bath and oil tube thermometers shall conform to the 
following requirements. They cover two sets of 4 thermometers 
each, one set being graduated in Fahrenheit degrees and the other 
set in Centigrade degrees, the ranges being chosen to include the 
temperatures commonly used in testing. 


Type: Etched stem, glass. 

Liqguip: Mercury. 

RANGES AND SUBDIVISIONS: 
Range 66— 80° F., subdivision in 0.2° F. for tests at 77° F. 


¢4-94-108° Boe «“ WIP Sah BR 1 00erm 
“ 120-134° F., ‘ ae ie + 122 and1.30718s 
* 204-218° F., : oe De . 2) O° Fe 
or 

Range 19-27° C., subdivision in 0.1° C. for tests at 25° C. 
Ne Bay by ay Oe « OAC: “ 40° @: é 
Sy 49-57 CO. 1" OPIN. F 50uC: 
eRe LOS G.. i: Obl ake: 2 100°C; 


TOTAL LENGTH: 252 to 256 mm. (9.92 to 10.08 in.). 

STEM: Plain front, enamel back, suitable thermometer tubing. Diameter, 6 to 
7 mm. (0.236 to 0.275 in.). The stem shall preferably be made with an enlarge-, 
ment not less than 4 nor more than 7 mm. (0.16 to 0.28 in.) in length, having a 
diameter 2 to 3 mm. (0.08 to 0.12 in.) greater than that of the stem, the bottom 
of the enlargement being 114 mm. (4.5 in.) above the bottom of the bulb. 

Bus: Corning normal or equally suitable thermometric glass. 

Length, 25 to 35 mm. (1.0 to 1.4 in.). 
Diameter, not less than 5 mm. (0.197 in.) and not greater than that of stem. 

DISTANCE TO LOWEST SPECIFIED GRADUATION FROM BOTTOM OF BULB: 135 to 
150 mm: (5.3 to.5.9 in.). 

DISTANCE TO HIGHEST SPECIFIED GRADUATION FROM ToP OF STEM: 20 to 35 mm. 
(0.8 to 1.4 1in.). 

CONTRACTION CHAMBER: To be of long narrow type, top to be not more than 
60 mm. (2.36 in.) above bottom of bulb, mercury to stand in contraction 
chamber at 32° F. (0° C.). 

EXPANSION CHAMBER: To permit heating the thermometer 90° F. (50° C.) above 
highest temperature on scale, and in all cases to permit heating to 212° F. 
(100° C.). 

FILLING ABOVE Mercury: Nitrogen gas. 

Top FinisH: Glass ring. 

GRADUATION: All lines, figures and letters clear cut and distinct. The first and 
each succeeding 1° F. or 0.5° C. line to be longer than the remaining lines. 
Graduations to be numbered at each multiple of 2° F. or 1° C. 

IMMERSION: Total. 


1 This tube represents the average mechanically perfect tube, based on the A.S.T.M. specifica- 
tions, and has been approved by the American Petroleum Institute Committee on Viscosity Standards. 


en 
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SPECIAL MARKING: ‘‘A.S.T.M.” Viscosity test points to be numbered in full figures 
and in red, other graduations and figures in black. A serial number and the 
manufacturer’s name or trade mark shall be etched on the stem. 

SCALE Error: The error at any point of the scale shall not exceed 0.2° F. (0.1. C.) 

STANDARDIZATION: The thermometers are to be standardized for the condition of 
total immersion. Correction for emergent stem shall not be applied. 

CasE: Each thermometer shall be supplied in a suitable case on which shall appear 
the marking, ‘‘A.S.T.M., Saybolt Viscosimeter Thermometer’ and the range. 


II. TEMPERATURE OF TESTING 


3. (a) With the Saybolt Universal viscosimeter, determinations 
Shall be made at 100°"F. °(37.8"'€))," 8307 Fi’ (54.4° C:) or 210° F: 
(98.9° C.). 

(b) With the Saybolt Furol viscosimeter, determinations shall 
be made at 122° F. (50° C.). 

(c) Viscosities shall be expressed as ........ seconds, Saybolt 
Universal (or Saybolt Furol), being the time in seconds for the delivery 
of 60 cc. of oil. . 

(d) Fuel oils and other oils of similar viscosity showing a time 
of less than 25 seconds, Saybolt Furol, at 122° F., shall be tested on 
the Saybolt Universal at 122° F. Oil showing a time of less than 
32 seconds, Saybolt Universal, at 122° F., shall be measured in the 
Saybolt Universal at 100° F. (37.8° C.). These methods of test do 
not apply to fuels having a viscosity at 100° F. of less than 32 seconds 
Saybolt Universal, which are not considered to be fuel oils. 


III. PROCEDURE 


4, In tests at 100 and 130° F. (37.8 and 54.4° C.), the bath 
temperature, throughout the test, shall not vary more than +0.1° F. 
(0.06° C.) from the predetermined temperature which will maintain 
thermal equilibrium until the oil tube thermometer is withdrawn. 
Beetestoy at 2 10°F (989°" CO.) arvariation’ of +0.2°°F.°(0.12° C,) 
is permitted. Water shall be used as the bath liquid at 100 and 
160° *F.°(37-8"'and 54.4° C.)2 

Any construction of bath may be employed provided the bath 
temperature necessary to maintain thermal equilibrium (while the 
oil tube is well stirred by the oil tube thermometer) is not in excess of 
100.25, 122.35, 130.50 and 212.00° F. (37.9, 50.2, 54.7 and 100.0°C.), 

1In ordinary routine testing it is frequently desirable i NS oil as a bath medium instead of 
water. This is allowable provided the temperature of the oil bath is adjusted so that the necessary 
condition of thermal equilibrium is maintained. It is usually necessary to maintain the oil bath at 
slightly higher temperatures than are necessary when water is the bath medium. Oil bath tempera- 
tures will need to be from 0.1 to 0.2° F. (0.06 to 0.11° C.) higher for tests at 100° F. (37.8° C.) and 


from 1.5 to 2.0° F. (0.83 to 1.11° C.) higher for tests at 210° F. (98.9° C.) than the corresponding water 
bath temperatures. 
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respectively, for the standard temperatures previously mentioned. 
The level of the bath liquid shall not be lower than 0.5 cm. above the 
overflow rim of the oil tube. In tests at 210° F. (98.9° C.), the 
water shall be vigorously stirred, and may be heated by the direct 
injection of steam near the bottom of the bath. A bath of other 


suitable liquid may be used provided it is properly heated and 


stirred.! The heating and stirring of the bath for other temperatures 
may be accomplished by any suitable means, provided the source of 
heat is not less than the following distances from any part of the oil 
tube: 2 in. (5 cm.) with an external heater, 11 in. (3 cm.) with an im- 
mersion heater. Viscosity determinations shall be made in a room 
free from draughts, and from rapid changes in temperature. The 
room temperature shall be between 68 and 86° F. (20 and 30° C.).? 
All oil introduced into the oil tube either for cleaning or for test 
shall first be passed through the strainer. 

To make the test, heat the oil to the necessary temperature and 
clean out the oil tube. Pour some of the oil to be tested through 
the cleaned tube. Insert the cork stopper into the lower end of the 
air chamber at the bottom of the oil tube, sufficiently to prevent the 
escape of air, but not to touch the small outlet tube. 

Heat the oil to be tested, outside the viscosimeter, to slightly 
but not more than 3° F. (1.7° C.) above the temperature at which the 
viscosity is to be determined, and pour it into the oil tube until it 
ceases to overflow into the overflow cup. By means of the oil-tube 
thermometer, keep the oil in the oil tube well stirred and also stir well 
the liquid in the bath. It is extremely important that the tempera- 
ture of the bath be maintained constant during the entire time con- 
sumed in making the test. When the temperature of the bath and of 
the oil in the oil tube are constant and the oil in the oil tube is at the 
desired temperature, withdraw the oil tube thermometer; quickly 
remove the surplus oil from the overflow cup by means of a pipette 
so that the level of the oil in the overflow cup is below the level of the 
oil in the tube proper; place the 60-cc. flask, Fig. 2, in position so that 
the stream of oil from the outlet tube will strike the neck of the flask 
so as to avoid foam. Snap the cork from its position, and at the same 
instant start the stop watch. Stir the liquid in the bath during the 
run and carefully maintain it at the previously determined proper 
temperature. Stop the watch when the bottom of the meniscus of 
the oil reaches the mark on the neck of the receiving flask. 


1For example, the bath liquid may be water to which glycerin or salt has been added. 
2 These limits are necessary for extreme accuracy in standardization and referee tests, but for 


routine purposes the use of higher temperatures up to 100° F. (37.8° C.) will not ordinarily cause an 


error of more than 1 per cent. 
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The time in seconds for the delivery of 60-cc. of oil is the Saybolt 
Universal (or Saybolt Furol) viscosity of the oil at the temperature 
at which the test was made. 

With proper attention to details of method of procedure, 
duplicate results should not differ from each other by more than 
1 per cent. 


Scope. 


Apparatus. 


TENTATIVE METHOD OF TEST 
FOR 


COLOR OF LUBRICATING OILS BY MEANS OF UNION 
COLORIMETER! 


Serial Designation: D 155-23 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to revision. 


IssuED, 1923 


I. APPARATUS 


1. The color of all lubricating oils shall be determined by means 
of the Union Colorimeter. 

2. (a) The Union Colorimeter, Fig. 1, shall consist of a box, a, 
glass color standards, a glass jar, a light shield, b, and a daylight 
lamp, c. 

(b) The box, a, Fig. 1, shall have an interior finish of dull black, 
and may be constructed of metal or wood, approximately 18 In. in 
length and 1% in. in depth in inside dimensions, the observation end 
being 2§ in. in width and the end next to the source of light 3 in. in 
width. ! 

A transverse vertical partition having a circular hole in the 
end 3 in. in diameter shall be placed 1% in. from the observation 
end of the box. In the opposite end shall be mounted a rectangular 
plece of pure white opal glass, approximately 31 by 12 by 75 in., 
which shall be ground or etched on the inner side to diffuse light 
rays. Approximately 24 in. from the light end of the box shall be 
a second vertical partition 1 in. in thickness having two openings 
about 3 in. in diameter at light-source side and about ;% in. in 
diameter on the opposite side, symetrically located in regard to the 
vision line. In case the standards are not mounted, a vertical par- 
tition shall be placed approximately 34 in. from the light-source end, 
having a thickness of { in., and shall have two circular openings 
#5 in. in diameter and 14 in. apart. Extending from the opal glass 
to this partition along the horizontal axis of the box shall be a ver- 
tical partition approximately $ in. in thickness for a distance of 
12 in., and then continuing with a thickness of 7 in. until abutting 


1 Criticisms of this Tentative Method are solicited and should be directed to Mr. R. P. Anderson. 
Secretary of Committee D-2 on Petroleum Products and Lubricants, 250 Park Ave., New York City, 
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against the transverse partition which in conjunction serves to 
divide the light end of the box into two compartments. In the 
top of the box, immediately over the centers of these two com- 
partments, there shall be circular holes of such a size to accom- 
modate the standard jar and 4-oz. oil sample bottles. In the 
top of the box, directly above the ~ in. opening in the left side 
of the second partition, there shall be an opening or slot suit- 
able for placing the glass color standards in a vertical position 


Fic. 1.—Union Colorimeter. 


in the opening in the partition. In case the color standards are not 
mounted in a magazine, this opening shall be provided with a sliding 
cover so that all light may be excluded. In case all the glass standards 
are mounted in a magazine, suitable arrangements shall be made for 
this magazine to be raised or lowered through the opening provided 
for the glass standards, and when such a magazine is used, a hole 
may be located in the left side of the box through which the numbers 
of the mounted glass standards may be read. For convenience, 
numbers may be stamped on the magazine as mirror images, and a 
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swinging mirror may be provided on the side of the box so that the 
operator may read the numbers on the magazine from the front 
of the instrument. 7 

Color (c) The glass color standards shall be 15 in number as specified 

Standards. in Table I. These glasses may be kept separately or for convenience 
may be mounted in a magazine. If so mounted, there shall be a 
blank opening provided in the magazine so that 2 bottles of oil may 
be compared in the colorimeter as well as a sample of oil and the glass 
color standards. The glass color standards shall be not less than 
2 in. across. 

Glass Test (d) The standard glass jar, Fig. 2, shall be a true cylinder of clear 

IBS colorless glass. The internal diameter shall be not less than 32.5 mm. 
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Fic, 2.—Standard Glass Jar for 
Use With Union Colorimeter. 


nor more than 33.5 mm. The thickness of the wall shall be 1.75 mm. 
+0.25mm. ‘The height of the cylinder shall be 5 in. +3 in. 

Light Shield. (e) The light proof cover, 6, shall be of any suitable material. 
It shall be dull black on the inside and of such size as to completely 
shield all light from the tops of the cylinders, or oil sample: bottles, 
when they are in place in the colorimeter. 

Artificial Day- ({) The artificial daylight lamp, ¢ (Fig. 1), may for convenience 

light Lamp. be fastened to the base supporting the box. It shall consist of a 
50-watt C2 national mazda lamp, fitting into a socket on a swivel 
fitted with a parabolic metal reflector. The inside of this reflector 
shall be brightly silvered at all times with bright aluminum paint 
or brightly polished silver or nickel. In the front of the reflector 
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shall be mounted a dished, but not lenticular, glass color screen of 
such composition and color as, in conjunction with the C2 mazda lamp, 
will yield by spectrum analysis alight closely approximating northern 
daylight. When in normal position, the color screen shall be 4 in. 
from the white opal glass. 

In case electric current is not available, the colorimeter may be 
used by exposing the opal glass to northern daylight with no colored 
objects in the immediate foreground, but the artificial daylight lamp 
shall be required in referee work. 


II. ° PROCEDURE 


3. The oil, when examined, shall be at room temperature unless Procedure. 
its cloud point 1s above the temperature of the room, in which case the 


TABLE I[.—GLAss COLOR STANDARDS OF UNION COLORIMETER 


Lovibond Analysis 


National 
Union Petroleum : National 
A.8.T.M. | Petroleum Association Petroleum 
Color Co. Des- Color Association Red Yellow Blue 
Numbers | ignations Numbers Names 200 510 1180 
(1915) Series Series Series 
1 G INOS LAIN: PA eters Muay Winlbeteeins os ia cs.ds sane es 0.12 2.4 
13 H Nos N.PAc.2) Cremnaninita toys oa hes sce isco s 0.60 8.0 
2 I NOR Nee Ase aael Ett ape IQUE IIe ae ca cts oicieo’ sla «seus 2.0 26.0 
23 A No. 24 N.P.A...| Ex. Lemon Pale...............0055 4.6 27.0 
3 K No. 3 N.P.A Lemony alors icdes jos tales » 6.9 32.0 
33 L (OR iy ae eee IX MOLATIC OEE GIO Seid, cxsteva: + sid dips die 2 ole 9.4 45.0 ge 
4 M No. 4.N.P.A Orangorbalosemgs meester: esa ee: 14.0 50.0 0.55 
42 N Noda NIDA. ss Palen Caen oats socks dhe ovals 21.0 56.0 0.55 
5 O INGOs OF Nee Are a hight edemeira es! 2) soe yittc. 35.0 93.0 aot 
6 P INO: GNEESA SEE | sO arkphedameen cer temeeee aa aes: 60.0 60.0 0.55 
7 Q Qe es ie a A Clarogued sence oii) we eel oh bt, 60.0 106.0 1.8 
8 R Bie ee ae cae ae | Saale PMR RIE eee eld nati cret ace Raced 166.0 64.0 
A A Cylinder Oil Ex. Light Filtered..................002 10.2 29.0 
D D Cylinder Oil Light Milteredsas cesses se clactsiave cctoeers vcs 21.0 31.0 eae 
E E Cylinder.Oil Medium Filtered. ..25..0.2.5.....0-000 89.0 56.0 Veale 


@N. P. A. Color of 1915 changed slightly to make 33 more nearly midway between 3 and 4. 

> A New Color. 
oil shall be heated to a temperature of not more than 10° F. above its 
cloud point. The oil to be examined may be observed in the ordinary 
4-oz. sample bottle, but in referee work a standard jar shall be used. 
The jar shall be placed in the right-hand compartment while in the 
other compartment shall be placed a 4-oz. sample bottle of distilled 
water. The jar and bottle shall be covered with the shield, and the 
artificial daylight lamp lighted. One at a time, the glass color stand- 
ards shall be placed between the bottle of distilled water and the eye, 
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in the slot provided for them, until the nearest match possible is ob- 
tained. In case the standards are not mounted in a magazine,-the 


_ slide on the top of the box shall be pressed against the glass standard 


Cylinder Oils. 


to keep out light, while making an observation. 

4. Filtered cylinder oils and other oils that are darker than No. 8 
color (Table I) shall be diluted with water white kerosene, the color 
of which is not darker than No. 21 as determined in accordance with 
the Tentative Method of Test for Color of Refined Petroleum Oil 
by Means of Saybolt Chromometer (Serial Designation: D 156 — 23 T) 
of the American Society for Testing Materials,! a mixture of exactly 
15 per cent by volume of oil, and 85 per cent by volume of kerosene 
being used in all cases. This mixture shall then be compared with the 
three cylinder oil standards, or optionally with the standards ranging 
from No. 1 to No. 8, inclusive. The daylight lamp may be brought 
closer to the opal glass in determining the darker colors. 

The numbers or letters, designating the color of all oils that 
have been diluted to make the. determination, shall be followed by 
the designation ‘ Dil.” ‘ 


l See p. 374. 
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TENTATIVE METHOD OF TEST 
FOR 
COLOR OF PETROLATUM BY MEANS OF THE 
UNION COLORIMETER! 


Serial Designation: D 218-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to annual revision 


IssuUED, 1925 


Leen PPARAL US 


1. The color of all petrolatums shall be determined by means 
of the Union Colorimeter. 

2. (a) The Union Colorimeter, Fig. 1, shall consist of a box, 
a, glass color standards, a glass jar, a light shield, 0, and a daylight 
lamp, c. 

(b) The box, a, Fig. 1, shall have an interior finish of dull black, 
and may be constructed of metal or wood, approximately 18 in. in 
length and 1% in. in depth in inside dimensions, the observation end 
being 24 in. in width and the end next to the source of light 3 in. in 
width. 

A transverse vertical partition having a circular hole in the end 
3 in. in diameter shall be placed 14 in. from the observation end of 
the box. In the opposite end shall be mounted a rectangular piece 
of pure white opal glass, approximately 34 by 13 by 7¢ in., which shall 
be ground or etched on the inner side to diffuse light rays. Approx- 
imately 2% in. from the light end of the box shall be a second vertical 
partition 1 in. in thickness having two openings about ? in. in diameter 
at the light-source side and about ;% in. in diameter on the opposite 
side, symmetrically located in regard to the vision line. In case the 
standards are not mounted, a vertical partition shall be placed approx- 
imately 33 in. from the light-source end, having a thickness of } in., 
and shall have two circular openings 3% in. in diameter and 14 in. 
apart. Extending from the opal glass to this partition along the 
horizontal axis of the box shall be a vertical partition approximately 


1 Criticisms of this Tentative Method are solicited and should be directed to Mr. R. P. Anderson, 
Secretary of Committee D-2 on Petroleum Products and Lubricants, 250 Park Ave., New York City. 
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Scope. 


Apparatus. 
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1 in. in thickness for a distance of 13 in., and then continuing with a 
thickness of 2 in. until abutting against the transverse partition, which 
in conjunction serves to divide the light end of the box into two com- 
partments. In the top of the box, immediately over the centers of 
these two compartments, there shall be circular holes of such a size 
to accommodate the standard jar and 4-oz. oil sample bottles. In 
the top of the box, directly above the #-in. opening in the left side of 
the second partition, there shall be an opening or slot suitable for 


Fic. 1.—Union Colorimeter. 


placing the glass color standards in a vertical position in the opening 
in the partition. In case the color standards are not mounted in a 
magazine, this opening shall be provided with a sliding cover so that 
all light may be excluded. In case all the glass standards are mounted 
in a magazine, suitable arrangements shall be made for this magazine 
to be raised or lowered through the opening provided for the glass 
standards, and when such a magazine is used, a hole may be located 


in the left side of the box through which the numbers of the mounted © 


glass standards may be read. For convenience, numbers may be 


ae faa 


| 
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stamped on the magazine as mirror images, and a swinging mirror 
may be provided on the side of the box so that the operator may 
read the numbers on the magazine from the front of the instrument. 

(c) The glass color standards shall be 15 in number as specified 
in Table I. These glasses may be kept separately or for convenience 
may be mounted in a magazine. If so mounted, there shall be a 
blank opening provided in the magazine so that a bottle of petrolatum 
may be compared in the colorimeter with a bottle of oil or with a 
second bottle of petrolatum as well as a sample of petrolatum and 
the glass color standards. The glass color standards shall be not 
less than 3 in. across. 


RK 


Inside 
Diameter 
st - 33mm. 


 *+t05mm. 


Thickness of Walls 175 mm. + 0.25 mm. 


Fic. 2.—Standard Glass Jar. 


(d) The standard glass jar, Fig. 2, shall be a true cylinder of clear 
colorless glass. The internal diameter shall be not less than 32.5 mm. 
nor more than 33.5mm. ‘The thickness of the wall shall be 1.75 mm. 
+=0.25mm. ‘The height of the cylinder shall be 5 in. +} in, 

(e) The light proof cover, 6, shall be of any suitable material. 
It shall be dull black on the inside and of such size as to completely 
shield all light from the tops of the cylinders, or oil sample bottles, 
when they are in place in the colorimeter. 

(f) The artificial daylight lamp, c (Fig. 1), may for convenience 
be fastened to the base supporting the box. It shall consist of a 50- 
watt C2 national mazda lamp, fitting into a socket on a swivel fitted 
with a parabolic metal reflector. The inside of this reflector shall be 
brightly silvered at all times with bright aluminum paint or brightly 
polished silver or nickel. In the front of the reflector shall be mounted 
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a dished, but not lenticular, glass color screen of such composition 
and color as, in conjunction with the C2 mazda lamp, will yield, by 
spectrum analysis, a light closely approximating northern daylight. 
When in normal position, the color screen shall be 4 in. from the white 
opal glass. ) : 

In case electric current is not available, the colorimeter may be 
used by exposing the opal glass to northern daylight with no colored 
objects in the immediate foreground, but the artificial daylight lamp 
shall be required in referee work. 


TABLE I.—GLAss CoLoR STANDARDS OF UNION COLORIMETER. 


Lovibond Analysis 


AS.T.M Union National Petroleum ; 
Ci een | en ee Men uae 
Numbers ignation (1915) ; iy ern 1180 
Series | Series | Series 
» 
t. G No.1 Ni BUA S cee e a. Lily AWhifes(.34;50 cee ee 0.12 2.4 
13 H No. 12 N.P. Ae fete ees: Cream White. ..0¢0 <4 ..<.0s> 0.60 8.0 
2 I Noii20NJ PAS Se ae een Extra Palézea.< moo cesta 215 26.0 
23 J No. 25 NOP. ARE ae Extra Lemon Pale........... 4.6 27.0 
3 K Nos 3iNs P.vAse sees Lemon. Pale. ccenus cca 6.9 32.0 
34 L OT ele ache le eT REE cas Bxtra Orange Pale........... 9.4 45.0 edhe 
4 M Nof4 No P. Age ae tects Oranee Palen eect eas 14.0 50.0 0.55 
45 N No, 45 N. Powe. 3: fal Paledh sik nc kane aie re 21.0 56.0 | 0.55 
5 O Nowdi No Ps Ape ee ee. Licht Red.k 2 ooe Seen ae 35.0 93.0 Cab 
6 P No 6:N PAs eee ec ae Dark Réedit.3, to. dues ae 60.0 60.0 0.55 
7 Q Qos ec. css cure Eee ClaretRied 75,,cecon use 60.0 106.0 1.8 
8 R DS Baie ER ob SE RS 166.0 64.0 ae 
A A Cylinder Oils ee, eae Extra Light Filtered......... 10.2 29.0 
D D Cylinder Oi. eee Light Filtered........ BS 21.0 31.0 
E E CylinderiOulte ene, era Medium Filtered............. 89.0 56.0 


@N. P. A. Color of 1915 changed slightly to make 33 more nearly midway between 3 and 4. 
> A new color. : 


II. PROCEDURE 


3. The petrolatum shall be heated to 20 to 30° F. (11 to 17° C.) 
above the melting point. If darker than No. 8 color (Table I) it 
shall be diluted with water white kerosine, the color of which is not 
darker than No. 21 as determined in accordance with the Tentative 
Method of Test for Color of Refined Petroleum Oil by Means of 
Saybolt Chromometer (Serial Designation: D 156-23 T) of the 
American Society for Testing Materials,! a mixture of exactly 15 per 
cent by volume of petrolatum and 85 per cent by volume of kero- 
sine being used in all cases. 


1See p. 374. 


ae 
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The water white kerosine shall be heated to a temperature 20 
to 30° F. (11 to 17° C.) above the melting point of the petrolatum 
being tested before mixing them together. 

This mixture shall then be placed in the standard glass jar and 
compared with the three cylinder oil standards or optionally with the 
standards ranging from No. 1 to No. 8, inclusive. 

The daylight lamp may be brought closer to the opal glass in 
determining the darker colors. The numbers or letters designating 
the color of all petrolatum that has been diluted to make determina- 
tions shall be followed by the designation “‘ Dil.”’ 


Scope. 


Glass Tubes. 


Optical 
System. 


TENTATIVE METHOD OF TEST 
FOR 


COLOR OF REFINED PETROLEUM OIL BY MEANS OF 
SAYBOLT CHROMOMETER! 


Serial Designation: D 156-23 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to revision. 


IssUED, 1923 


1. The color of all refined oils (naphthas, kerosenes, etc.) shall 
be determined by means of the Saybolt Chromometer. 


I. APPARATUS 

2. (a) The Saybolt Chromometer shall consist of two glass 
tubes having an internal diameter of not less than 14 mm. nor more 
than 16mm. One glass tube, 20 in. in length, shall be permanently 
closed at one end with a colorless, plano glass disk, and be mounted 
in a suitable metal collar, provided with a small pet-cock, for the 
purpose of draining the tube. ‘This glass tube shall be graduated in 
z-in. divisions, numbered in inches. The other tube, 19 in. in length, 
shall be open at both ends, one end being mounted in a suitable metal 
collar which will hold the color standards and a black metal diaphragm 
with a circular aperture 12 mm. in diameter. The mounting of this 
tube shall be such as to give equal length to both tubes. The tubes 
shall be mounted vertically and shall be covered at their upper end 
with a removable diaphragmed metal cap about 1 in. in length and of 
sufficient diameter to easily slip over the end of the tubes. The 
circular diaphragm aperture shall be 14 mm. in diameter. 

(b) The instrument shall be provided with a suitable optical 
head consisting of prisms and eyepiece. ‘The prisms shall be of a 
suitable form, matched in their refracting angles and areas, and so 
mounted as to avoid possibility of disarrangement. ‘They shall be 
so arranged that the light rays passing through the tubes shall be 
deflected to a central aperture which is viewed by the eyepiece. The 
arrangement shall be such as to provide a circular field of vision, the 
two halves of which are illuminated by the light transmitted by the 
sample and the color standard, respectively. 


1 Criticisms of this Tentative Method are solicited and should be directed to Mr. R. P. Anderson . 


Secretary of Committee D-2 on Petroleum Products and Lubricants, 250 Park Ave., New York City. 
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3. (a) Light shall be provided by means of a reflecting mirror Mlumination. 
with a finely frosted surface set at a suitable angle and so arranged 
that the reflected light shall pass through suitable openings and 
through the glass tubes in parallel rays; or it shall be provided by 
projecting a diffused light directly up through the tubes, from the 
base of the instrument. 
(6) The light shall be supplied by an artificial daylight lamp so Light Source. 
arranged as to project a diffused light on the reflecting mirror or 
directly up through the tubes. 


TABLE I.—CoLor STANDARDS, CORRESPONDING TO HEIGHTS OF OIL 


SAYBOLT CHROMOMETER SAYBOLT CHROMOMETER 
NUMBER HEIGHT OF CoLor NUMBER HEIGHT OF CoLor 
or Disks OIL, IN. SHADE oF DisxKs OIL, IN. SHADE 
Onesie wee. 20.0 +25 AVS LW SEAL! 5.50 +4 
Oneng ieRe Rt. 18.0 +24 4h <6 Dn Be Be S25 +3 
Cinelin. aelt . 16.0 +23 Digs * Ais eae 5.00 +2 
One. de Yi. 14.0 +22 de EEN BR 4.75 +1 
Remy oak 12.0 +21 C86 a a 4.50 0 
Be aps ls ie LO.25 +20 si Na aan 4.25 —1 
Ores ere >. 9.50 +19 PEW seis: 4.00 —2 
ORG eae, MBX 25 +18 WOOLY B75 —3 
nerd. die tic 71325 +17 A WORRY te5\ 2%). 3.625 —4 
Oger te aunt 6.25 +16 Lip. eRe SU 3.50 —5 
Nf Oe al 10.50 +15 BESO) eo cvrakets a Bolo —6 
ey pare wie bos 9.75 +14 PEW acer sau nig —7 
EWOu eros. 9.00 +13 WOM), Ura 3.125 —8 
wou t. A Su25 +12 i118 A a 3.00 —9 
BWO. ¢raci. : W715 +11 "BWOles.. Kels d 23875 —10 
Wav Pe ee} eee +10 GO ee iy 2045 —11 
BAO piers ets «.'s 6.75 +9 PAO eae cr, 22625 —12 
pvrcreet se, or 6.50 +8 5 bo prea oe Sates OL egal 
RD alsa « « 6.25 +7 Ws 1,0 REA patie 2310 —14 
OL ites Ss 6.00 +6 CaS ae: eee Pog hs —15 
EIVer tpn: ny): a fee +5 EDV Ges eta Bs) oa be — 16 


(c) The artificial daylight lamp shall consist of a C2 national Daviels 
mazda lamp, the rays of light from which shall pass through a glass “*™"* 
color screen of such composition and color, as, in conjunction with the 
C2 national mazda lamp, will yield by spectrum analysis a light 

closely approximating northern daylight. 
7 In case electric current is not available, the chromometer may 
be used by exposing the mirror to northern daylight with no colored’ 
objects in the immediate foreground, but the artificial daylight lamp 
shall be required in referee work. 

4. The color standards shall consist of suitable glass disks. 


Illumination. 


Filling Oil 
Tube. — 


Determina- 


tion of Color. 
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Il. PROCEDURE 

5. (a) The Saybolt Chromometer shall be assembled and the © 
light source so adjusted that a diffused light, with absence of glare 
or shadow, shall be projected on the reflecting mirror, or projected 
directly through the tubes from the base of the instrument, thereby 
eliminating the mirror. Light from all other sources shall be excluded. 

(b) The oil tube shall be cleaned by rinsing with some of the oil 
to be tested, care being taken to allow the tube to drain thoroughly. 
The pet-cock on the oil tube shall then be closed and the tube shall 
be filled with the oil to be tested to a height of 10.5 in. 

(c) Themeasurement of the color shall bemade by using two stand- 
ard color disks when the oil is darker than the two disks and by using 
one disk when the oil is lighter than the two disks. After determining 
the number of disks to be used and with the proper number in place 
in the color standard, the oil tube shall contain a sufficient height of 
oil for the color of the oil to be decidedly darker than the color stand- 
ard, additional oil being added if necessary. The oil shall then be 
drawn off slowly by means of the pet-cock until the oil appears slightly — 
darker than the color standard. ‘The oil shall then be drawn down to 
the nearest height corresponding to a standard color shade as shown 
in Table I. If the color of the oil observed through the eyepiece is 
still darker than the color standard, the oil shall be drawn down to the 
next height given in Table I and examined again. ‘This operation 
shall be continued until the oil and color standard match or show 
questionable differences. The column of oil shall be lowered one 
shade more and if the oil is unmistakably lighter than the color 
standard, the previous color shade shall be recorded as the Saybolt 
Chromometer Color. 


APPENDIX 


The following examples of the procedure are given: 


UsinG 1 Disk 


Oilidarker mat height: of 2.2% nics denise wa sdalele ope sup Aue eaten 16 in. 
Oildarker at eight of ne oa wie ce bots ee cee 14 in. 
Oil questionable at height of Ay) Ua PCRs ae 12 in. 
Gil Lighteriat: height of¢w. veh abe. . ON... Bee 10.75 in. 
Colortis (20. Ae om.s vmivs «so a Meat ad, . erin ter ee an +21 

Usinc 2 Disks . 
Oil darkerat petal ioe. ows tise. coke cee agehe he eee ee 4.5 in, 
Oil darkerathereht oti! te eine UY ee alee eee 4,25 in. 
Oil questiotia blempimetehtiol. o))) un ee ena e te 4.0 in. 
Oil lighter at ROght Of. <i in... kes eae ee eee aoe 3.7940: 


Color ish, oye Ce See rahe ® te ts SPICE SALERNO eth a ek —2 
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Serial Designation: D 187-24 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. Itis nota Standard of the Society and is subject to annual revision. 


IssuED, 1924 


1. The burning test for kerosine oil is intended for the determina- Scope. 
tion of the burning quality of ordinary kerosine used for illuminating 
purposes. 

Tyr APPARATUS? 


2. Standard Brass Saybolt Test Lamp. (See Fig.1).—The lamp tamp. 
shall conform to the following requirements: 


TOLERANCES, 
INCHES CENTIMETERS CM. 

fecice diaincter of burner:opening’) 97). Ps... hb... Tn} 3.08 +0.01 
wopot fount to top of burner opéning,..).6. 0.2... 0.45 1.14 0.02 
abcmie ciameter Of fount... «. cb raielas Fue ous 5 30 13.97 
Brecocidentirof fount... is... aes meee eae 2.49 6.33 
ieccom OL fotint to bottom of based... Vix oles... 5250 13.97 
Filling opening 

SEEICHAC CHLAINCLCL. oi.) o-a.es «5 <ganitga ine Sarens Pies 0.69 P75 

62) distance from side of fount) 2.8 Le Av ik ws 0.08 0.20 

Pea necont above fotint.)..oe. oe, nem ee eee 0.33 0.83 
Saati or tim at bottom of fount.) Movie. beavis « O765 1.65 
Semeritess Of aictal:.. . 1 hoe e del ee ete 0.03 0.07 


3. Miller No. 2 Sun Hinge Burner (See Fig. 2) or any other Burner. 


burner meeting the following: 
The burner shall conform to the following requirements: 


TOLERANCES, 
INCHES CENTIMETERS cM. 
meackness of metal 24 B. & S: gage... . since ess: ahaNen's BA ey 
Height of cone from base of cone (outside)........ 1.20 3.05 0.05 
Bmerce diameter of cone at base. ...65..6c evens 1.81 4.60 0.02 


1 Criticisms of this Tentative Method are solicited and should be directed to Mr. R. P. Anderson, 
Secretary of Committee D-2 on Petroleum Products and Lubricants, 250 Park Ave., New York City. 

2The equipment used in this test is selected to secure results in a reasonably short time, and it 
should be understood that this does not indicate any preference as to the proper type for general 
household use. ’ 
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TOLERANCES 
INCHES CENTIMETERS cM. 
Inside diameter of cone at base of flame spreader 
(LU parallelito slots Salk nie ee et ae aa eras 1.43 3.64 0.02 
(2) perpentizcilar tOGlObwaauewire tac s xem Pea 1.43 3 Ouen 0.02 
Height of cone from base to a point 1 cm. 
CL) right of cénterwc . Peete ee cas. see ahekiee Peis 2.92 0.06 
(2) left ofeeriter Vee ee Bae A BR Bras 2.92 0.06 
Overall diameter of flame spreader at base......... 2.76 7.01 0.01 
Height of collar at flame spreader base............ 0.31 0.79 0.07 
Diameter of. scallops) e.g i Mth Es oy ~ denies Pee 0 21 0.54 
Depth ot Scallops: Oyen ate ak ec a era 0.08 0.20 
Center of screw to bottom of collar (outside)....... 0.29 0.73 
Holes at base of spreader 28 in number, 
C1) ‘cdistmetee ost: Ah eee a ie oe a Oh a oe OREO, 0.24 0.01 
(2) spacing) edge to/edve, (tice ny Se aa 0.14 0.35 0.02 
Space at back of flame spreader collar (without holes) 0.83 210 
Space at front of flame spreader collar (without holes) 0.61 Mite. 
Width of flame spreader slot at top 
Cl center, Lee AINE Seeder ales atlahale teeth ie 0.39 1.00 0.03 
(2) loemi to-leftiok: Ceriterevis, viata yale.) is eee 0.39 1.00 0.03 
(3) 1 cm) to right of:center . oo ey ee eee 0.39 1.00 0.03 
Wadth/of, wick helderi(outside).. AiG. 8 ute. ie 0.96 2.44 0.01 
Depth of wick holder (outside) s.r en es cee ae 0.17 0.44 0.01 
Leneth of wickiholder. .) so 20s ernie cea eee 175 4.45 0.02 
Width of air vent (outside).......... he A, Re 0.34 0.87 
Depth of. air vent.{owtside). tin Wi tan aia eae ee 0.08 0.20 Aga 
Rengthiot ait venta ik ati delgee fi ct Reena 1.67 4.25 0.01 
Top of wick holder to base of flame spreader slot... 0.03 0.08 0.06 
Base of flame spreader slot (inside) to edge of wick 
holder-ovtsideyias ye a.%ks cer Pe cerinis < steeCOW oe 0.23 0.59 0 07 
Edge of flame spreader slot (top center) to top center ) 
edgelol wick holderiinias Arai tee eek 0.11 0.29 0.05 
Wick holder (to run parallel to flame spreader slot.) 
LOWER HALF: 
Diameter at widest point (parallel to slot)....... eres 5.64 0.02 
Diameteriatifirst) constriction! ah uicaawes Wen ok 2.18 sa 0.02 
Diameter at second constriction............... 1.96 4.97 0.02 
Diameter at. third constriction... ..4..5.0+.4 ¢ah 1.42 3.60 0.02 
Diameter at fourth constriction................ 1222 3.10 0.02 
Diameter at DOtLOoL Ne. soc) sien mata aie ester eens 1,19 3 02 0.02 
Ventilating openings, 12 in number, width, 
C1) Gerber Goto slate Sos Sisutr atl cee a ae 0.29 0.73 0.01 
(2}*top andibottom ete F.) et aeee 0.21 0.54 0.01 
Ventilating openings, height, 
(1) O@nterl sa erate) , culewsaiy petal oad 0.24 0.61 0.01 
(2) Sichesiy toe ph Cc PNGn Maem es ig ye cn cas bara 0.32 0.81 0.01 
Top of wick holder to top of holder support..... 1.01 2... 0.03 
Top of lower half of burner to outside holder 
SUPT thes 55 ate pate eae ale he ceg ioe be ee easy ete 0.62 Lio, 0.02 


pptert:..- 
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TOLERANCES, 
‘SCREEN: INCHES CENTIMETERS cM. 

Diameter of screen. APR i iN oo air orl aa vy gl 5.38 0.02 
Length of slot in screen. pray ae cgdane oe ae 1.01 2256 0.05 
Width of slot (1) Pcaweat roast omg O20) 0.52 0.02 
Mtuener silty (es) widest DOINt IT ik wate e wees. 0.30 Ty fa3 0.02 
Diameter of holes in screen......... a a ah CA 0.05 0.12 0.03 
Number of holes in screen per sq. cm., 45, with a tolerance of 7 

Height of screen from base to top (over-all)...... 0.11 0.29 0.01 
Pssameter OL pereen at. TOP... as ectre ceeds ins wie «os 1.16 2.94 0.02 
Prarvever or SCreen at, tim = (o,f eels citets bl weths vite On LO! 0.26 0.01 


Note.—The burner shall be used as received from the manufacturer provided it 
meets the above specifications and is free from gross imperfections of manufacture. 
It shall be clean and in good condition at the start of the test, but emery paper 
shall not be used in cleaning nor imperfections removed by means of a file or otherwise. 


Fic 1.—Test Lamp and Chimney. 


4. Macbeth-Evans No. 514 Pearl T op Chimney. (See Fig. 1.)— chimney. 
The chimney shall conform to the following requirements, all figures 
being outside measurements: 


Wick. 


Sight Gage. 


Room. 
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TOLERANCES, 
INCHES CENTIMETERS CM. 
Total heights scahice ee cm ete esc ce eee ae 8.06 20.48 0.50 
Diameter of constriction 
Ld Ja TD POT RO Acotmetehe: Lat ame ot ta OU tee aia 1. x2 4.50 0.08 
SOI AOWER ES occtn ee ean t UL Ate MI ARC idl. |. ecm ea pn 5.77 0.07 
Diameter iat widest poiucccge tec uh -< aat- ce eee 3.69 9.36 rar 
Tiameter Atco le prairie tay Ont 5 ltrs enna 2.83 PRAY 0.09 
Luarmeter at DOL LGMipee hae eey Moan: © « Kida cetera one 2.60 6.61 0.06 
Distance from bottom to narrowest point......... rho 17.86 0.55 
Distance from bottom to widest point............. 2.47 6.27 0759 
Distance from bottom to constriction near bottom.. 0.30 Ot af 0.19 
Thickness of glass at constriction 
0 0.05 
0.12 0.03 


Fic. 2.—Burner. 

5. American Wick Co.’s ‘“B” or Similar No. 2 Wick.—The wick 
shall be used as received from the manufacturer and shall not be 
extracted with ether or other solvent previous to use. A wick shall 
be rejected if it fits the wick guide too loosely or too tightly, and a 
new wick shall be used for each burning test. 

6. A sight gage for measuring the flame height and width accurate 
to zg in. shall be used. (See Fig. 3.) 

7. A special room for conducting the burning test is desirable but 
the lamp may be burned in any part of any adequately ventilated room 
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reasonably free from drafts. The temperature of the room is imma- 
terial, but is shall not vary more than 20° F. during the test. 


II. PROCEDURE 


8. The lamp shall be cleaned and 850 cc. of the oil to be tested Songs the 


shall be poured into the fount. The wick, wetted with the oil, shall be 
inserted in the burner, and the burner shall be firmly screwed into the 


Fic. 3.—Sight Gage. 


fount. The wick shall be trimmed with the scissors so as to produce a 
flame, which, unless otherwise specified, shall be 12 in. in height 
measured from the top of the wick guide and 1? in. in width at its 
widest point. (See Fig. 2.) The trimming should be done very 
carefully to produce a smooth symmetrical flame free from peaks or 
ears, and the lamp should be lit and the flame inspected from time to 
time during the course of trimming in order to determine whether the 


trim is satisfactory. Proper height can be obtained by turning the 


ie 3 


Lamp. 


Conducting 
the Test. 


Duration of 
the Test. 


Interpre- 
tation. 


Repro- 
ducibility. 
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wick up or down and the proper width obtained by trimming the 
corners of the wick. These adjustments should be made to + j in. 
from the standard flame dimensions. ‘The lamp shall be allowed to 
burn for one hour, and the flame then readjusted, if necessary, to the 
standard dimensions. At the end of the first hour the lamp shall be 
weighed, while burning, on a platform balance accurate to 1 g., and 
weighed again after exactly 60 min. further burning. ‘The oil con- 
sumed shall be calculated in cubic centimeters per hour. The initial 
rate of oil consumption, thus established, shall not vary from 43 cc. 
per hour by more than +2 cc. With proper attention to the flame 
dimensions this measurement is needed only as a check, since with a 
given flame size and shape the initial rate of oil consumption will 
always be within the limit set. 

9. The oil shall be allowed to burn continuously, without further 


adjustment of any kind, for the duration of the test. The lamp shall © 


be refilled to within 7 in. of the top of the fount, at intervals of 8 hours, 
without putting out the flame. 

10. Unless otherwise specified, the duration of the test shall be 
24 hours of continuous burning. 

11. At the end of the test, the height and width of the flame and 
the condition of the chimney, flame, and wick, shall be noted. ‘The 
final flame measurement shall be taken without refilling the lamp. 

12. With care and proper attention to detail, the average oil 
consumption per hour should not differ in duplicate determinations 
by more than 2 cc. With this condition fixed, the other characteristics 
of the oil will be reproduced invariably, with the exception of initial 
mushroom formations (“ears,” “niggers,” ‘‘toadstools’), reproduci- 
bility of which will vary with the quality of the oil, amounting in the 
poorer oils to 10 per cent of the burning time. 


Poa: . 


TENTATIVE METHOD OF .TEST 
FOR 
BURNING QUALITY OF LONG-TIME BURNING OIL FOR 
RAILWAY USE! 


Serial Designation: D 219-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It isnot a Standard of the Society and is subject to annual revision. 


IssuED, 1925 


1. The burning test for long-time burning oil is intended for the 
determination of the burning quality of special kerosine oil used in 
railway semaphore signal lamps. 


Ppa PPARATUS 


2. The lamp shall be the standard American Railway Association, 
Signal Section, semaphore lamp. 

Se SR Aud ounce fount, about 3 in. high, measured from inside 
the bottom to top of burner collar, and fitting the standard lamp, shall 
be used. 

4. The burner shall be a Dressel No. 23 Long-Time Burner, New 
- York Central Type, or any other burner meeting the following require- 
ments: A nickel plated long-time burner made of suitable weight 
metal, provided with the conventional wick adjusting device, with any 
convenient means of fitting to fount, and in other respects correspond- 
ing to the following requirements: 

Flame Spreader.—Cylindrical, #; in. in height and 4 in. in 
inside diameter, soldered to the top of wick tube. Two V-shaped 
slots, placed opposite to each other, with top of V j in. wide and 
bottom ending just mek top of wick tube. 

Wick Tube.—14% in. in length, { in. in inside diameter, and 
extending 3 in. boa top of wick tube. 

Chimney Support Ring.—1¥% in. in inside diameter, 7% in. 
below top of flame spreader, equipped with 4 springs to hold 
chimney in place. 

Air Vents.—Four 7g in. holes placed symmetrically in flame 
spreader just above the top of the wick tube; four rectangular 


1 Criticisms of this Tentative Method are solicited and should be directed to Mr. R. P. Anderson, 
Secretary of Committee D-2 on Petroleum Products and Lubricants, 250 Park Ave., New York City. 


(383) 


Scope. 


Lamp. 


Fount. 


Burner, 


Chimney. 


Wick. 


Balance. 
Room. 


Sight Gage. 


Procedure. 


» 
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openings, 3; in. high, by 3; in. wide, placed below the chimney 

support ring and between the chimney springs. 

5. The chimney shall be a Macbeth No. 55 D Chimney, or any 
other chimney meeting the following requirements: Straight wall 
glass 24 in. high and # in. in inside diameter, with rim at top and 
bottom. 

6. A new gray round felt wick, approximately 73 in. long and 
z's in. in diameter, made by sewing a strip of felt $ in. wide by 7% in. 
long by } in. thick into proper form is suitable. The wick shall be 
washed with redistilled ether and dried at room temperature before use. 


Fic. 1. 


7. A platform balance sensitive to 1 g. shall be used. 

8. The lamp may be burned in any well ventilated room, or out 
of doors, if not subjected to the direct rays of the sun. 

9. A sight gage, or other suitable flame measuring device, 
accurate to 7, in. shall be used. The sight gage shown in Fig. 2 is 
satisfactory. 


II. PROCEDURE 

10. Seven hundred and fifty cubic centimeters of the oil to be 
tested shall be placed in the fount. ‘The burner, wick, chimney and 
fount shall be assembled, the rough edge trimmed from the wick 
and the wick centered in the flame spreader, lighted and adjusted to 
give a flame 2 in. high, measured from top of wick. This, and all 
following flame measurements, should be made with the assembly 
inside of the lamp, with slide open, and in a room free from drafts. 


The flame should have a flat top and be of the general shape indicated 
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in Fig. 1. If this cannot be accomplished by leveling the lamp, the 
burner should be rejected. Inability to secure the specified flame 
shape will be due, in such cases, to improper alignment of the sides 
of the flame spreader. It is essential that the specified flame shape 
be adhered to, as any deviation from it may influence the rate of oil 
consumption and the flame drop. The assembly shall be weighed 


Fic. 2.—Sight Gage. 


while burning, then placed in the lamp. The wick shall be readjusted, 
if necessary, without removing the fount from the lamp, during the 
first four hours. The lamp shall be allowed to burn continuously for 
the duration of the test. After 96 hours, the fount assembly shall be 
removed from the lamp, weighed while burning and then replaced in 
the lamp. After 120 hours the lamp shall again be weighed and the 
average rate of oil consumption per hour calculated for the 96 to 


— 
a 
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120-hour period. From this rate and the original weight of oil in 
the fount, the number of additional hours required to make the total 
quantity of oil consumed 650 cc. shall be calculated and the lamp 
burned the calculated length of time. The oil consumption shall be 
verified by weighing at the end of the test. The time required to 
burn 650 cc. will, in general, be not less than 120 hours and not 
more than 144 hours if proper attention is paid to initial flame height 
and shape. At the end of the test, observe and record the change 
in height of flame, and condition of the wick and chimney. 


TENTATIVE METHOD OF TEST 
FOR 


SULFUR IN NAPHTHAS AND ILLUMINATING OILS.! 
Serial Designation: D 90-24 T, 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. 


IssuED, 1921; REVISED, 1924. 


This method is intended to be applied to illuminating oils and 
petroleum naphthas. It is not applicable to mixtures containing 
carbon bisulfide. 

APPARATUS. 


Absorber of chemically resistant glass, about 150-cc. capacity, 
containing glass beads or short pieces of glass rod in the suction side as 
shown. 

Chimney of chemically resistant glass connected with the absorber 
by a rubber stopper. 

Spray trap of chemically resistant glass connected with the 
absorber by a rubber stopper. 

Small lamp of about 25-cc. capacity. This lamp may conve- 
niently consist of a 25 to 35-cc. Erlenmeyer flask and a cork carrying a 
short section of glass tubing, about 3 in. in inside diameter. The cork 
must be grooved along the sides so that air may enter the flask while 
the oil is being consumed. 

Ordinary cotton wicking. 

Filter pump or other means for continuous suction and rubber 
tubing to connect with spray trap. 


SOLUTIONS REQUIRED. 

Hydrochloric acid.—Solution containing 2.275 g. HC] per liter and 
carefully checked for accuracy. 

Sodium carbonate—Solution containing 3.306 g. NazCO; per 
liter. Exactly 10.0 cc, should be required to neutralize 10.0 cc. of 
the hydrochloric acid solution. 

Methyl orange.—Solution in distilled water, containing 0.004 g. 
methyl] orange per liter. 

) 1 Criticisms of this Tentative Method are solicited and should be directed to Mr. R. P. Anderson, 
Secretary of Committee D-2 on Petroleum Products and Lubricants, 250 Park Ave., New York City. 
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Top of Burner 
with Glass CapinPlace. 


Annealed 


Part eS 
of Glass Burner. 


He) 5 


--Suction 
Tube 


~The--Glass 
==» Burner 


WITT LL 


Fic. 1.—Apparatus for Determination of Sulfur in Oils, 


N 


SERIAL DESIGNATION: D 90-24 T 389 


PROCEDURE. 


Pass two strands of new cotton wicking about 4.5 in. long through 
we g-In. diameter wick tube so that they are not twisted but parallel 
in the wick tube. Trim the wick with very sharp scissors. Pour into 
the clean dry lamp about 20 cc. of the oil to be tested, insert the wick 
and cork and weigh the assembly with an accuracy of 0.001 g. It is 
advisable to make a blank determination at the same time and under 
the same conditions by burning sulfur-free alcohol in a similar lamp. 

Rinse out the absorber containing the glass beads thoroughly 
with distilled water and add exactly 10.0 cc. of the standard sodium 
carbonate solution from an accurately calibrated burette, allowing 
the burette to drain for three minutes before taking the reading. 
Rinse the chimney and the spray trap with distilled water, dry the 
chimney and connect both to the absorber as shown in Fig. 1. Set 
up the apparatus for the blank determination in exactly the same 
manner and using exactly 10.0 cc. of the sodium carbonate solution. 
Apply gentle suction to both absorbers, light both the weighed oil 
lamp and alcohol lamp and then place in position under the chimneys 
so that the tops of the wick tubes extend into the chimneys not more 
than 7s in. Adjust the wick height and the suction so that the flame 
is steady, free from smoke and approximately } in. high. This requires 
that the wick be flush with the top of the wick tube for naphthas and 
a little higher for illuminating oils. The room must be free from 
drafts. The suction on the blank should be so adjusted that air is 
drawn through both determinations at the same rate. Continue 
burning for about two hours, or less if the sulfur content of the oil is 
high. During this time the oil should be consumed at the rate of 
about 1 g. per hour. 

Extinguish the flames and stop the suction on both absorbers. 
Weigh the oil lamp immediately and calculate by difference the 
weight of oil consumed. Working with the blank first, disconnect the 
spray trap and chimney and wash them thoroughly with the methy] 
orange solution, using a wash bottle with a very fine jet and collecting 
the washings in the absorber. The amount of solution required for 
washing should not exceed 35 cc. Carefully titrate the very faintly 
yellowish solution in the absorber with standard HCl, added to the 
suction side of the absorber from an accurately calibrated burette. 
During this titration, the contents of the absorber should be agitated 
carefully, either by blowing through a rubber tube held between the 
operator’s lips and connected at the other end with the chimney side 
of the absorber or else by the use of a suitable rubber syringe bulb. 


a“ 
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As the end point is approached, draw the liquid back into the chimney 
side between each addition of acid and then blow it into the suction 
side, agitating as before. As soon as the first permanent pink color 
appears, the end point has been reached. Read and record the volume 
of HCl solution used. 

Rinse the chimney and spray trap used in the actual determination 
into the absorber to which they were connectéd, exactly as prescribed 
for the blank. If the methyl orange solution in the absorber has a 
pink color, too much oil has been burned and the determination must 
be repeated, burning for a shorter time. Titrate just as in the blank, 
making sure that the absorber is cold. Read and record the volume 
of HCl solution required. 

Calculate the sulfur content of the oil by substituting the proper 
values in the following formula: 

(HCI for blank, cc. — HCI for sample, cc.) 0.1 
grams of oil burned 
If a blank is not run, the formula is: 
(NazCOs, ec. — HCl, cc.) & 0.1 
grams of oil burned 


Percentage of Sulfur = 


Percentage of Sulfur = 


These formulas are correct only for the standard solutions specified, 
1 cc. of each being equivalent to 0.001 g. of sulfur. ‘The use of solu- 
tions of any other strength, such as N/10, involves more complicated 
calculation and is not advisable. 


TENTATIVE METHOD OF TEST 
FOR 


SULFUR IN PETROLEUM OILS HEAVIER THAN 
ILLUMINATING OIL.! 


Serial Designation: D 129-22 T. 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. 


ISSUED, 1922. 


I. APPARATUS. 


1. The oxygen bomb shall have a capacity of not less than 300 cc., 
and shall be of a design or construction such that no leaks shall occur 
at any pressure or temperature generated during the test and such 
that when open, liquid contents can be easily and completely drained. 
The inner surfaces shall be of materials that are chemically and physi- 
cally resistant to the process or products of combustion. ‘The gaskets, 
insulating materials, etc., shall be, as far as possible, physically and 
chemically resistant and in no event shall they undergo any reaction 
which would increase or decrease the sulfur content of the bomb liquors. 

2. The oil cup shall be of platinum, glazed silica, or other suitable 
material, with a capacity of not less than 2.5 cc. nor more than 5.0 cc. 

3. If a platinum oil cup is used, the fuse wire shall be of platinum; 
if a glazed silica oil cup is used, the fuse wire may be of either platinum 
oriron. No. 35 B. & S. gage is a convenient size. 

4. (a) The distilled water and all reagents should be sulfur free, 
but in such cases where it is necessary to employ reagents not sulfur 
free, blanks shall be run and the figures thus obtained used to correct 
the results of actual determinations. 

(b) The barium chloride solution shall contain 100 g. of 
BaCL.‘2H.0 per liter. 


II. PROCEDURE. 


5. (a) Twenty cubic centimeters of distilled water shall be placed 
in the bottom of the bomb. From 0.6 to 0.8 g. of the oil to be tested 


1 Criticisms of this Tentative Method are solicited and should be directed to Mr. R. P. Anderson, 
Secretary of Committee D-2 on Petroleum Products and Lubricants, 250 Park Ave., New York City. 
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shall be placed in the weighed oil cup and the weight of this charge 
shall be determined to an accuracy of at least +0.002 g. The cup 
shall be placed in the proper position in the bomb, the ignition mechan- 
ism arranged and the bomb closed. Oxygen shall be admitted slowly 
until a pressure is reached as indicated by the following table: 


Minimum GAGE PRESSURE, 


CAPACITY OF Boms, cc. ATMOSPHERES. 
300: to 35003. SP Pikes 22 Fd hi ee a 40 
300 TO. 400 es aR oe a, akc doles a on 35 
400 to 450. adi cone. A. » SOS ee 30 
ASO TO SOO D Ss a kts be ce Ge s cies ee sue p's estate ea Zio 
Above’ 500: i osere Gh bande Jets os Dee 25 


The leads from the firing circuit shall be attached, the bomb placed 
in a bucket of cold water, and ignited. ‘The bomb shall be allowed to 
stand in the water for 10 minutes and shall then be removed. The 
valve of the bomb shall be opened, allowing the gas to escape at an 
approximately even rate so that the pressure is reduced to atmospheric 
in not less than 1 minute. ‘The bomb shall be opened, and all parts 
of its interior, including the oil cup, rinsed with a fine jet of distilled 
water. All washings, which should not amount to more than 350 cc., 
shall be collected in a beaker. Particular care should be taken not to 
lose, by splashing, or otherwise, any of the liquid contents of the bomb. 
The washings shall be filtered through a washed “qualitative” filter 
paper. ‘The filter shall be washed thoroughly. ‘Two cubic ceritimeters 
of concentrated HCl and 10 cc. of saturated bromine water shall be 
added to the filtrate. The solution shall be evaporated to about 75 cc. 
‘on a steam bath or hot plate. Ten cubic centimeters of hot barium 
chloride solution shall be added in a fine stream or drop-wise to the 
hot solution, stirring during the addition and for two minutes after- 
ward. ‘The solution shall be allowed to stand over night, or shall be 
kept hot for one hour on the steam bath or hot plate, allowing the 
precipitate to settle for another hour, while cooling. The supernatant 
liquid shall be filtered through an ‘‘ashless quantitative” filter paper, 
the precipitate washed with water, first by decantation, then on the 
filter, till free from chloride. The paper and precipitate shall be trans- 
ferred to a suitable weighed crucible, dried at low heat till moisture is 
evaporated, the paper charred (without flaming), and finally ignited at 
a good red heat till the precipitate is just burned white. A satis- 
factory means of accomplishing these operations is to place the crucible 
containing the wet filter paper in a cold electric muffle furnace and 
to turn on the current. Drying, charring, and ignition will usually 
occur at the desired rate. 
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(b) After ignition is complete, the crucible shall be allowed to 
cool to room temperature, and weighed. ‘The use of a desiccator is 
not recommended. 


(c) From the increase in weight of the crucible the percentage of 
sulfur shall be calculated from the formula: 


rams of BaSO 13.734 
Percentage of sulfur = erie eee Ne 


grams of oil used. 


6. Duplicate determinations should agree to +2 per cent on the Accuracy. 
basis of the sulfur found. 


Scope. 


Procedure. 


Detection of 
Sulfur. 


TENTATIVE METHOD OF TEST 
FOR 
DETECTION OF FREE SULFUR AND CORROSIVE SUL- 
FUR COMPOUNDS IN GASOLINE: 


Serial Designation: D 130-22 T. 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. 


IssuED, 1922. 


. This method of test shall be used for the detection of free 
ek and corrosive sulfur compounds in gasoline. 


2. A clean strip of mechanically polished pure sheet copper | 


about 4 in. in width and 3 in. in length shall be placed in a suitable 
clean fine or sample bottle. Gasoline under test shall be added so 
that the copper strip is completely immersed. ‘The test tube or 
sample bottle shall be closed with a loosely fitting cork and held ina 
suitable bathiat 22° FA(50° ©). 

At the end of three hours the -gasoline exposed strip shall be 
removed and shall be compared with a similar strip of freshly polished 
copper. 

34 Ehe presence of sulfur or corrosive sulfur compounds is indi- 
cated by the corrosion or discoloration of the gasoline exposed a 
when compared with the fresh copper strip. 

4. (a) Gasoline shall be reported as passing the test when on 
examination the exposed strip shows no discoloration as compared 
with the fresh copper strip. 

(b) Gasoline shall be reported as not passing the test when on 
examination the exposed strip shows discoloration as compared with 
the fresh copper strip. 


1 Criticisms of this Tentative Method are solicited and should be directed to Mr. R. P. Anderson, 
Secretary of Committee D-2 on Petroleum Products and Lubricants, 250 Park Ave., New York City. 
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TENTATIVE METHOD OF TEST 
FOR 


PRECIPITATION NUMBER OF LUBRICATING OILS:.! 


Serial Designation: D 91-21 T. 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. 


IssuED, 1921. 


1. This method is commonly used for steam cylinder stocks and Scope. 
black oils and may be used for other lubricating oils. 


DEFINITION. 

2. A.S.T.M. Precipitation Number of Lubricating Oils—The Definition. 
number of cubic centimeters of precipitate formed when 10 cc. of 
lubricating oil are mixed with 90 cc. of petroleum naphtha of definite 
quality and centrifuged under definite prescribed conditions. 


APPARATUS. 


3. Centrifuge.—The centrifuge shall be capable of whirling at least Centrifuge. 
two 100-cc. centrifuge tubes filled with water at the required speed. 
It shall be of sound design and rugged construction so that it may be 
operated without danger. The tube carriers shall be so designed 
that the glass centrifuge tubes may be cushioned with water, rubber 
or other suitable material. The tube holders shall be surrounded 
during the operation by a suitable metal shield or case, strong enough 
to eliminate danger if any breakage occurs. 

Preferred forms of centrifuge shall have a diameter of swing (tip 
to tip of whirling tubes) of 15 to 17 in. and a speed of at least 1500 
I.p.m. or equivalent. If the available centrifuge has a diameter of 
swing varying from these limits, it shall be run at the proper speed 
to give the same centrifugal force at the tips of the tubes as that 
‘obtained with the preferred form of centrifuge. The proper speed 

‘shall be calculated from the following formula in which D represents 


1 Criticisms of this Tentative Method are solicited and should be directed to Mr. R. P. Anderson, 
‘Secretary of Committee D-2 on Petroleum Products and Lubricants, 250 Park Ave., New York City. 
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the diameter of swing (tip to tip of whirling tubes) of the centrifuge 
used: : 


R.p.m.= 1500 (16 
D 


4. Centrifuge tubes, A.S.T.M. type-—These tubes shall be made 
of suitable glass and thoroughly annealed. ‘The total capacity shall 
be about 125 cc. and the mouth shall be suitably constricted for 
closing with a cork. The graduations shall be clear and distinct, 
reading upward from the bottom of tube as follows: 


RANGE. SCALE DIVISIONS. Limit OF ERROR. NUMBERED. 
0-3 cc 0.1 ce. 0.05 cc cA 5 cc 
SB Soot ft 0.5 ‘ Os 2a.16 4, 5 5 
5-10 “ TOs 0; Srna 6) 310; # fhe 
10-25 ‘ 5.0 1,05 15, 20-25 
50-100 “ 50.0 “ roa 50, 100 4) 


The shape is optional provided it does not conflict with the 


other requirements. 
5. (a) Petroleum naphtha Tune the following requirements 
shall be used for the diluent. 


Specific'eravityeat (60s tere) cys ce, Ley eet ee 0.695-0.705 
Initial Boiling Point, A.S/TUMLS, 4). vce Pui et tke 113-131° F. (45-55° C.) + 
End\Point,<A.5. be MissaG eee er kee: not higher than 248° F. (120° C.) 


(b) The initial boiling point and the end point of the petroleum 
naphtha shall be determined in accordance with the Tentative Method 
of Test for Distillation of Gasoline, Naphtha, Kerosine, and Similar 
Petroleum Products (Serial Designation: D 86-25 T) of the Ameri- 
can Society for Testing Materials.! 


PROCEDURE. 
6. Exactly 10.0 cc. of the oil to be tested shall be measured in — 
each of two clean and dry centrifuge tubes at room temperature. — 
Each tube shall be filled to the 100-cc. mark with the prescribed 
diluent and closed tightly with a softened cork (not a rubber stopper). 
Each tube shall then be inverted at least 20 times, allowing the liquid 
to drain thoroughly from the tapered tip of the tube each time. The 
tubes shall then be placed in a water bath at 90 to 95° F. for five 
minutes. ‘The corks shall be momentarily removed to relieve any 
pressure and each tube shall again be inverted at least 20 times 
exactly as before. The success of this method depends to a large 
degree upon having a thoroughly homogeneous mixture which will 


1See p. 325. 
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drain quickly and completely from the tapered tip when the tube is 
inverted. 7 

7. The two centrifuge tubes shall then be placed in the centrifuge 
on opposite sides and shall be whirled at a rate of 1400 to 1500 r.p.m. 
or equivalent for 10 minutes. The volume of sediment at the bottom 
of each tube shall be read and recorded, estimating to 0.05 cc. if 
possible. ‘The tubes shall then be replaced in the centrifuge, again 
whirled for 10 minutes as before, and removed for reading the volume 
of the sediment as before. This operation shall be repeated until the 
volume of sediment in each tube remains constant for three consec- 
utive readings. In general, not more than four whirlings are required. 

8. The volume of the solid sediment at the bottom of each centri- 
fuge tube shall be read, estimating to 0.1 cc. or closer if possible. If 
the two readings differ by not more than 0.1 cc. the mean of the 
two shall be reported as the ‘‘A.S.T.M. Precipitation Number.” If 
the two readings differ by more than 0.1 cc. two more determina- 
tions shall be made and the average of the four determinations shall 
be reported. 

ACCURACY. 


9. With care and proper attention to details, duplicate deter- 


-minations of Precipitation Number by this method should not differ 


by more than 0.1, provided the centrifuge tubes are accurate and 
readable to this degree. 
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TENTATIVE METHOD OF TEST 
FOR 
STEAM EMULSION OF LUBRICATING OILS! 
Serial Designation: D 157-23 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to revision. 


IssuED, 1923 


1. This method shall be used on all oils when an emulsion, 
demulsibility or emulsification test is required. ‘This method is com- 
monly used for turbine oils and may be used for other lubricating oils. 

2. The Modified Resistance to Emulsification Number (A.S.T.M. 
R.E.) is the number of minutes required for an oil to separate when 
emulsified and separated under definitely prescribed conditions. 


I. APPARATUS 

3. The steam generator shall be made of either metal or glass 
of at least one-liter capacity, capable of withstanding the heat neces- 
sary for continued use in the production of steam. It shall be fitted 
with three outlets with suitable connections for rubber tubing. In 
case of a metal generator, a large opening for filling and a suitable 
water gage shall be a necessary part of the apparatus. 

4. The baths shall be either of metal or glass, with a capacity of 
3 to 3% liters and a depth of 73 to 9 in. A good quality battery jar 
or beaker is entirely satisfactory. A glass bath shall be used for 
emulsification and a metal or glass bath may be used for the separation. 

5. Heat for the steam generator shall be supplied by a suitable 
gas burner or electric hot plate. The separating bath may be heated 
by any convenient means, including an auxiliary steam line as shown 
in Fig. 1. 

6. The oil container shall be a 25 by 200-mm. test tube graduated 
from zero or from 10 to 50 cc. in cubic centimeters, each even 5-cc. 
line to encircle the tube. 

7. The steam piping or the steam delivery tube shall consist of 
a piece of thin-wall glass tubing, not less than 2.3 nor more than 2.7 
mm. in inside diameter and 12 in. in length. The steam pipe shall be 
cut off diagonally at an angle of 30 deg. with the axis of the tube at 

1 Criticisms of this Tentative Method are solicited and should be directed to Mr. R. P. Anderson, 
Secretary of Committee D-2 on Petroleum Products and Lubricants, 250 Park Ave., New York City. 
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the discharge orifice and shall be bent at right angles 10 in. from the 
discharge orifice. 
8. Accessories shall consist of: Accessories. 
(a) Suitable wooden or metal frames or holders for holding all 
containers in a vertical position in the baths. 


E 


a=) Pinch Cocks 
4 


End of Steam Pipe. 


Fic. 1.—Apparatus for Test for Resistance to Emulsion. Self-Generating Steam 
Supply 


(b) Thermometers for the separating and emulsifying baths 
(floating type thermometers of suitable range); 

(c) Thermometers for the oil container tube (engraved- stem type, 
of suitable range, graduated in 1° F., 5 to 7 mm. in diameter); 

(d) Corks, rubber tubing and screw pinch cocks. 


II. PROCEDURE 


9. The apparatus shall be assembled as shown in Fig. 1. The Fat 


_ steam generator shall be filled one-half full of water and heat applied. 


— 7 


Emulsifica- 
tion. 
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The baths shall be filled with 3 liters +60 cc. of water. ‘The temper- 
ature in the separating bath shall be raised to and maintained at 
200 to 203° F. 


Nore.—Care must be taken if glass battery jars are used, as direct heating 
by flame or electric hot point may cause breakage. Use of steam in this connection 
insures against breakage. 


The temperature of the emulsifying bath shall be brought to not 
less than 67° F., nor more than 78° F. at the start of the test, and is 
not controlled thereafter. Twenty cubic centimeters of the oil to be 
rested shall be measured in the oil container at room temperature and 
the latter placed in the holder of the emulsifying bath. The steam 
pipe, or delivery tube, shall be connected to the steam generator with 
suitable rubber tubing, and screw pinch-cocks placed as show in 
Fig. 1. 

Care shall be taken to see that the apparatus, particularly the 
oil container, oil container thermometer and the steam delivery tube 
are chemically clean before using. Care shall also be taken to prevent 
any foreign materials from entering the steam generator as any con- | 
tamination of the steam renders the test valueless. 

10. The steam delivery tube line shall be steamed out until all 
condensation disappears. A cork having two openings, with the 
thermometer in one, shall be placed in the mouth of the oil container. 
The thermometer shall be adjusted so that the bottom of the bulb 
is 2 to 1 in. from the bottom of the oil container. The steam de- 
livery tube shall be inserted through the second opening in the cork 
(Note.—This fitting shall be loose.) so that the end of the steam 
delivery tube shall touch the center of the bottom of the oil container. 
Steam shall be admitted at a rate that will maintain the tem- 
perature of the oil, as shown on the thermometer in the oil con- 
tainer, between 190 and 195° F. 


NotTe.—The usual time necessary for the temperature of the oil to come to this 
point is 45 to 75 seconds, depending on its character. 


This control shall be effected by manipulation of the pinch-cocks 
on the steam delivery line and steam exhaust line from the steam 
generator. The steam supply shall be sufficient at all times to 
cause a generous discharge from the exhaust-line. Steaming shall be 
continued until the volume of condensed steam and oil in the oil con- 
tainer tube is 40 cc. +3 cc. The time required for this operation shall 
be 4 to 6.5 minutes, depending on the quality of the oil, altitude, etc. 
If condensed water amounts to 20 cc. in less than 4 minutes, it shall 
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be taken as an indication of wet steam or incomplete steaming out 
of the line and the test shall be re-run. 

Note.—The apparent volume in the tube near the end of the steaming opera- 
tion is approximately 12 to 15 cc. greater than the actual volume due to displacement 
caused by steam, thermometer and steam delivery tube. 

11. The steam delivery tube shall be withdrawn as soon as the 
required volume is obtained. ‘The oil container shall be transferred 
immediately to the separating bath which shall be maintained at 
200 to 203° F. It is extremely important that the temperature of 
the separating bath be maintained within the given limits. A stop 
watch shall be started at the instant of withdrawal of the steam 
delivery tube. The cork containing the thermometer shall be removed 
after the oil container and contents have been placed in the separating 
bath. The contents of the oil container shall be examined every 
30 seconds, and the volume of the separated oil layer shall be recorded. 
This examination shall be made by withdrawing the oil container 
and its contents from the separating bath, and reading the volumes. 


Note.—This operation shall not require over five seconds. 


No differentiation shall be made between clear and turbid oil. 

This reading operation shall be continued until 20 cc. of oil have 
separated. In cases where the 20-cc. oil layer does not separate in 
20 minutes, the test shall be discontinued at this point. 

In cases where the interface between more-or-less clear oil and 
the emulsion is not a clear, straight horizontal line, the position of 
such a line is carefully estimated to the nearest 0.5 cc. 

If, at the end of 20 minutes, there is not a well-defined horizontal 
interface, then, and then only, the contents of the oil container may 
be stirred for two seconds with a clean glass rod to obtain a better 
line of demarcation. 

12. In interpreting results, the assumption shall be made that 
the rate of emulsion separation is directly proportional to the Resist- 
ance to Emulsification of the tested oil. In order to establish a basis 
for comparison, a definite value of one shall be assigned to an oil 
which, under conditions of the test, separates completely from emul- 
sion in one minute. ‘This is equivalent to an emulsion separation 
rate of 0.33 cc. per second or 20 cc. per minute. 

NotTEeE.—The expansion of the oil at the higher temperature is disregarded, so 
when the separation of the oil is complete, as regards the interface between the oil 
and emulsion layers, the volume of separated oil will always be more than 20 cc. 
This in no way interferes with the reproducibility of results, and the time shall be 


recorded when 20 cc.—and not necessarily all—of the oil have separated, when this 
occurs in less than 20 minutes. 


Separation. 


Interpreta- 
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13. Results shall be reported, in minutes and half minutes, of 
the time necessary for complete (20 cc.) oil separation. The time in 
minutes and half minutes shall be reported as the R.E. Number, 
A.S.T.M. Method. In cases where the required volume shall not 
have separated in 20 minutes, the oil shall be reported as having an 
R.E. Number, A.S.T.M. Method, of 20 plus. If duplicate determina- 
tions vary by more than one minute, a third test shall be made and the 
average of the three tests reported. 

Note.—Oils which emulsify separate into three layers without exception: top, 
clear or turbid oil; middle, lacy or creamy emulsion; bottom, clear or milky water. 
The A.S.T.M. R.E. Number is derived from the top layer. 

14. With care and proper attention to details, duplicate deter- 
minations of the R.E. Number, A.S.T.M. Method, should not differ 
by more than 0.5. 


TENTATIVE METHOD OF TEST 
FOR 
SAPONIFICATION NUMBER:! 


Serial Designation: D 94-21 T. 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. 


IssuED, 1921. 


SOLUTIONS REQUIRED. 


Alcoholic Solution for Saponification.—Dissolve 58 g. of potassium 
hydrate “purified by alcohol” in’ 500 cc. of 95-per-cent purified ethyl 
alcohol. Allow the solution to settle in a dark place. Draw off the 
clear solution or filter through an asbestos filter and make up to one 
liter with 95-per-cent alcohol. The solution so prepared shall stand 
at least 20 hours before it is standardized. 

Alcohol.—Purify 95-per-cent ethyl alcohol with silver oxide in the 
_ following manner: 

Dissolve 1.5 g. of silver nitrate c.p. in about 3 cc. of water and 
add to 1 liter of alcohol in a glass stoppered bottle, and mix thoroughly. 
Dissolve 3 g. of potassium hydrate (by alcohol) in 10 to 15 cc. of warm 
alcohol. After cooling, add slowly to the alcoholic silver. nitrate 
solution, stirring slightly. Allow the precipitated silver oxide to 
settle, siphon off the clear solution and distill on a steam bath. 

Standard Hydrochloric Acid Solution.—One-half normal solution. 

Phenolphthalein Solution.—One gram phenolphthalein in 100 cc. 
alcohol and water. 


APPARATUS. 


The saponification shall be carried out in a wide-mouthed flat- 
bottom extraction flask, or Erlenmeyer Flask, of 250 to 300-cc. 
capacity, fitted to a reliable condenser properly connected with a 
good cork. ‘The boiling shall preferably be carried on by means of an 
electric hot plate. 

1 Criticisms of this Tentative Method are solicited aad should be directed to Mr. R. P. Anderson, 
Secretary of Committee D-2 on Petroleum Products and Lubricants, 250 Park Ave., New York City. 
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BLANK DETERMINATION. 


Determination shall be made in duplicate in the alcoholic potash 
solution in the following manner: 

Measure accurately into the flask 25 cc. of alcoholic potash solu- 
tion from a calibrated pipette. ‘The tip and outside of the pipette 
shall be wiped off with a clean filter paper before the solution is 
delivered. ‘Then rinse out with 25 cc. of neutral alcohol. If a stand- 
ard burette is used, allow 60 seconds total time for drawing and 
draining. Connect the flask to a suitable condenser and boil for three 
hours. Before disconnecting the flask, wash out the condenser with 
a few cubic centimeters of neutral alcohol; if a Soxhlet is used as the 
condenser the tip shall be washed off into the flask. Titrate while 
hot with N/2 HCl using three drops phenolphthalein indicator. 
The total number of cubic centimeters of N/2 HCl required for the 
blank represents the strength of the alcoholic potash solution. 


PROCEDURE. 


For straight fats or oils use 2 to 3 g. of the material, for oils 
containing over 30-per-cent of fatty oils use about 5 g. and for oils 
containing less than 30-per-cent of fatty oils use about 10 g. 

Weigh the oil accurately, by difference, from a small beaker into 
the saponification flask. Add 25 cc. of alcoholic potash solution and 
25 cc. of neutral alcohol in the same manner as for the blank, connect 
to the condenser and boil for three hours. ‘Titrate while hot. Cal- 
culate the Saponification Number from the difference between the 
number of cubic centimeters of N/2 HCl required for the determi- 
nation and the average of the two blanks, using the formula: . 


: ; Difference, cubic centimeters X 28.05 
saponiiication Number =. 4=———<—_—_-_——————— eee 
. Weight of oil, grams 


Petrolic ether may be used with compounded cylinder oils in the 
quantity of 50 cc. providing a Soxhlet extraction flask is used to 
periodically collect this petrolic ether. The Soxhlet flask should be 
so adjusted, through the addition of glass rodding or beads when 
necessary, so that it will just overflow with the full quantity of petrolic 
ether. 

The percentage of fatty oil (or fat) in a compounded petroleum 
product can be calculated from the saponification number of such a 
product only when the saponification number of the fatty oil is known. 
If the saponification numbers of both fatty oil and compounded oil 
are known, the following formula should be used: 
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: 100 X Saponification Number of compounded oil. 

PercentiCe OF lally.Oln 9 
. Saponification Number of fatty oil 

For this determination the following values of Saponification 


Number may be used: 


SAPONIFICATION 

Fatty OIL. NUMBER. 
BBC IMU ORG FM. A orkid tee ade MEM cad ohat Viele oleate), Carly ¥lekala.c 192-198 
LOW oh ste BUATIY GM hatchet AOR EOE 6.0 eo woe « 229d atte Whew s 193-198 
Per eeat SPU OMEN 6 co Me ciscin oo Porter Site ek UM file ois iy ole BUS ave cole alae 193-204 
LON SUSE Pree eRe ean are noe ae PREP A i LER PSY ORS Seat, 2 a 140-193 
ea RM rors seh Buh an ec ea MC Von ee, ghd. se ee of deo, ash. 6 miss ae 120-140 
Ree N cy ciate cava the arate Ciel Nate cs he wa Gas so ¢, a #158 aps 176-187 
MODOC CERN Ems He Ue le ee sin Mh eeig nig cle ao ieee a'nisie 9 aie, ate 170-179 
SSSA LEED Atle. dane foie ene Wrenn Midget tad 0G ML 8 diy. EE 189-197 
eet Efe ree Stik) 2) UR RLOVE RIT Malema tate ecns da’> ade t, /hiee 186-197 
COTA CES ONE ORME RARE “ay SL REIT i eg OP SP Se PA 191-197 
rea RT OCS OC Se eht ra cx. oraht atest te lenses visubesp es apdvel's a 9. 9.9 she gm 195-216 
BWC COISCCE 1 Te eee CO en ay ain tec ceeg ek a siaht fs 210-225 


PFCOTASS CEs Te Sele ost RL OPTED ETE Oe BOOT Ue OE 110-210 
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TENTATIVE METHOD OF. TEST 
FOR 


NEUTRALIZATION NUMBER OF PETROLEUM 
PRODUCTS AND LUBRICANTS! 


Serial Designation: D 188-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. Itis nota Standard of the Society and is subject to annual revision. 


IssuED, 1925 


1. The methods described herein are designed to indicate in 
petroleum products and lubricants and compounded products the 
presence of organic constitutents having acid characteristics and the 
contamination by alkalies and mineral acids. 

2. (a) The Neutralization Number is the weight in milligrams 
of potassium hydroxide required to neutralize one gram of oil. 


NotEe.—The Neutralization Number expresses the total amount of the mineral 
acid, and of the organic constituents having acid characteristics. 


(b) The Alkali Neutralization Number is defined as the weight 
of acid required to neutralize one gram of oil, expressed in equivalent 
milligrams of potassium hydroxide. 

(c) The Mineral Acid Neutralization Number is the number of 
milligrams of potassium hydroxide required to neutralize the mineral 
acid content in one gram of oil. 


SOLUTIONS REGUIRED 


3. (a) Aqueous Potassium Hydroxide (1 cc.=5 mg. KOH).— 
Dissolve 5.1 g. of potassium hydroxide, c.p., in one liter of freshly 
boiled and cooled distilled water. Adda very small amount of barium 
hydroxide, sufficient to precipitate any potassium carbonate present. 
Standardize this solution against Bureau of Standards certified ben- 
zoic acid, using phenolphthalein as an indicator according to the 
relation: 


5 mg. KOH Ri 56.104 g. KOH 
x mg. benzoic acid 122.048 g. benzoic acid 
1 cc. of KOH = 10.88 mg. benzoic acid. 


sd 


1 Criticisms of this Tentative Method are solicited and should be directed to Mr. R. P. Anderson, 
Secretary of Committee D-2 on Petroleum Products and Lubricants, 250 Park Ave., New York City. 
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This weight of benzoic acid is required for standardization. 

Make necessary adjustments so that the value of potassium 
hydroxide equals 5 mg. KOH per 1 cc. 

NotTe.—Fit the solution bottle with a guard tube of soda lime to prevent access 
of carbon dioxide. The solution should be standardized at necessary intervals. 


The weight of benzoic acid should be dissolved in 50 cc. of 95-per-cent alcohol 
and titrated cold. For blank, use same amount of alcohol and correct the titration. 


(b) Sulfuric Acid Solution (1 cc.=5 mg. KOH).—Match a 
sulfuric acid solution so that 1 cc. of the acid will be required to neu- 
tralize 1 cc. of the KOH, using phenolphthalein as an indicator, 
titrating in boiling solution. 

(¢c) Neutralized 95-per-cent Alcohol—Add a few drops of phenol- 
phthalein and neutralize carefully the alcohol to a very faint pink end 
point with some of the above prepared alkali solution. 

(d) Phenolphthalein Indicator —Dissolve 10 g. of the indicator in 
1 liter of 95-per-cent alcohol, preferably ethyl. Use 1 cc. of this 
strength for titration. 

(e) Methyl Orange Indicator.—Dissolve 1 g. of the indicator in 1 
liter of distilled water. Use 0.1 cc. of this strength for titration. 


METHODS 


4. Method A.—Neutralization Number of Petroleum Products. 
Weight of Oil: Approximately 20 g. weighed accurately. 
Volume of Solvent: 100 cc. of a mixture of 1:1 neutralized 
alcohol and distilled water. 

Procedure: Agitate oil and solvent thoroughly and heat to 
boiling. Add 1 cc. of phenolphthalein indicator and titrate rapidly, 
with vigorous agitation, to a sharp pink end point. ‘The titration 
must be completed in a hot solution, reheating same if found necessary. 

The color change is noted in the alcohol water layer. 

Calculation: 


(Cubic centimeters of KOH) X5 
Weight of oil taken 


5. Method B.—WNeutralization Number of Compounded Petroleum 
Products. 

Weight of Oil: Approximately 10 g. weighed accurately. 

Volume of Solvent: 50 cc. of neutralized alcohol. 

Procedure: Agitate oil and solvent thoroughly and heat to boil- 
ing. Add 1 cc. of phenolphthalein indicator and titrate rapidly, with 
vigorous agitation, to a sharp pink end point. The titration must be 
completed in a hot solution, reheating same if found necessary. 


= mg. KOH per 1 g. of oil. 
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The color change is noted in the alcohol layer. ; 

6. Method C——Alkali or Mineral Acid Neutralization Number tn 
Non-compounded and compounded petroleum products. 

Weight of Oil: 25 to 50 g. weighed accurately. 

Volume of Solvent: ‘Boiling distilled water, 200 cc. 

Procedure: Pour the oil and water in a 500-cc. separatory funnel. 
Shake vigorously and after oil and water have separated, drain water 
into a 500-cc. casserole. Add 100 cc. of boiling water to oil and 
agitate. Drain separated water to casserole. Repeat washing and 
to the accumulated 100 cc. of water add 1 drop of phenolphthalein. 
Boil. If solution turns pink add 1 cc, of the indicator and titrate 
with the sulfuric acid solution until extraction is colorless. 

If the addition of 1 drop of phenolphthalein causes no change in 
color, add 0.1 cc. of methyl orange. If color changes to red or pink, 
titrate with the KOH solution until the red color is just discharged. 

An equal volume of distilled water shall be titrated with the 
standard solution used, and the amount of alkali or acid required 
shall be subtracted from the titration for blank correction. 

Calculation: If the acid solution was required to discharge the 
phenolphthalein end point, the alkali neutralization number equals: 


(Cubic centimeters of acid) X 5 
Weight of oil 
If the alkali solution was required to discharge the methyl orange 
end point, the mineral acid neutralization number equals: 


(Cubic centimeters of alkali) X5 
Weight of oil 


TENTATIVE METHOD OF TEST 
FOR 
CARBON RESIDUE OF LUBRICANTS! 


Serial Designation: D 189-24 T 


This is a Tentative Standard only, published for the purpose of eliciting 
criticism and suggestions. It is not a Standard of the Society and is subject 
to annual revision. 


ISSUED, 1924. 


CARBON RESIDUE? 
(CONRADSON METHOD) 


1. The apparatus (see Fig. 1) consists of: Maneeataae 
(a) Porcelain crucible, wide form, glazed throughout, ' 
25 to 26-cc. capacity, 46 mm. in diameter. 
(b) Skidmore iron crucible, 45-cc. (14-0z.) capacity, 65 mm. 
in diameter, 37 to 39 mm. high with cover, without delivery 
tubes and one opening closed. 
(c) Wrought-iron crucible with cover, about 180 cc. capacity, 
80 mm. diameter, 58 to 60 mm. high. At the bottom of this 
crucible a layer of sand is placed about 10 mm. deep or enough 
to bring the Skidmore crucible with cover on nearly to the top 
of the wrought-iron crucible. 
(d) Triangle, pipe stem covered, projection on side so as to 
allow flame to reach the crucible on all sides. 
(e) Sheet iron or asbestos hood provided with a chimney 
about 2 to 2% in. high, 24 to 24 in. in diameter to distribute the 
heat uniformly during the process. 
(f) Asbestos or hollow sheet iron block, 6 to 7 in. square, 
14 to 14 in. high, provided with opening in center 3} in. in 
diameter at the bottom, and 33 in. in diameter at the top. 
2. The test shall be conducted as follows: Procedure. 
Ten grams of the oil to be tested are weighed in the porce- 


1 Criticisms of this Tentative Method are solicited and should be directed to Mr. R. P. 
Anderson, Secretary of Committee D-2 on Petroleum Products and Lubricants, 250 Park Ave., 
New York City. 

2 This method is a modification by P. H. Conradson of his original method and apparatus 
for Carbon Test and Ash Residue in Petroleum Lubricating Oils. See Proceedings, Eighth 
International Congress of Applied Chemistry, New York, September, 1912, Vol. 1, p. 131; 
also reprint in the Journal of Industyial and Engineering Chemistry, Vol. 4, No. 11, November, 
1912. 
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Jain crucible, which is placed in the Skidmore crucible and 
these two crucibles set in the larger iron crucible, being careful 
to have the Skidmore crucible set in the center of the iron 
crucible, covers being applied to the Skidmore and iron crucibles. 


ie 
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Fic. 1.—Apparatus for Determining Carbon Residue. 


Place on triangle and suitable stand with asbestos block and 
cover with sheet iron or asbestos hood in order to distribute the 
heat uniformly during the process. 

Heat from a Bunsen burner or other burner is applied 
with a high flame surrounding the large crucible, as shown in 
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Fig. 1, until vapors from the oil start to ignite over the crucible, 
when the heat is slowed down so that the vapor (flame) will come 
off at a uniform rate. The flame from the ignited vapors should 
not extend over 2 in. above the sheet iron hood. After the 
vapor ceases to come off the heat is increased as at the start and 
kept so for five minutes, making the lower part of large crucible 
red hot, after which the apparatus is allowed to cool somewhat 
before uncovering the crucible. The porcelain crucible is 
removed, cooled in a desiccator and weighed. | 

The entire process should require about one-half hour 


- to complete when heat is properly regulated. The time will 


depend somewhat upon the kind of oil tested, as a very thin, 
rather low-flash-point oil will not take as long as a heavy, thick, 
high-flash-point oil. 


Cloud Point. 


Pour Point. 


Scope. 


Test Jar. 


Thermom- 
eters. 


TENTATIVE METHOD OF TEST 
FOR . 
CLOUD AND POUR POINTS OF PETROLEUM PRODUCTS! 


Serial Designation: D 97-25 T 
This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. 
ISSUED, 1921; REVISED, 1922, 1923, 1925. 

1. (a) The Cloud Point of a petroleum oil is that temperature at 
which paraffin wax or other solid substances begin to crystallize out 
or separate from solution when the oil is chilled under certain definite 
specified conditions. 

(6) The Pour Point of a petroleum oil is the lowest temperature 
at which this oil will pour or flow when it is chilled without disturb- 
ance under certain definite specified conditions. 

2. (a) The test for cloud point shall be used only for oils which 
are transparent in layers 1% in. thick. 

(b) The test for pour point shall be used for all other petroleum 
oils and may be used for oils on which the test for cloud point is 
permitted. 

I, APPARATUS 
(See Fig. 1) 

3. The test jar, a, shall be of clear glass, cylindrical form, flat 
bottom, approximately 1} in. in inside diameter and 4% to 5 in. high. 
An ordinary 4-oz. oil sample bottle may be used if the test jar is 
not available. 

4. The thermometer, 0, shall conform to the requirements of one 
of the following specifications: 

(a) These specifications cover a special thermometer graduated in 
either Centigrade or Fahrenheit degrees as specified, the ranges being 


‘—38 to +50° C. or: —36 to +120° F., respectively. 


TYPE: Etched stem, glass. 

Liguip: Mercury. 

RANGE AND SUBDIVISION: —38 to +50° C. in 1° C. or —36 to +120° F. in 2° F. 

TOTAL LENGTH: 220 to 224 mm. (8.69 to 8.81 in.). 

STEM: Plain front, enamel back, suitable thermometer tubing. Diameter, 7.0 to 
8.0 mm. (0.28 to 0.31 in.). 


1 Criticisms of this Tentative Method are solicited and should be directed to Mr. R. P. Anderson, 
Secretary of Committee D-2 on Petroleum Products and Lubricants, 250 Park Ave., New York City. 
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Bus: Corning normal or equally suitable thermometric glass. 
Length, not over 9.5 mm. (0.37 in.). 
Diameter, not greater than stem. 

DISTANCE TO —38° C. OR —36° F. LINE FRoM BOTTOM OF BULB: 120 to 130 mm. 
(4.73 to 5.12 in.). 

DISTANCE TO +49° C. oR +120° F. LINE FROM Top OF THERMOMETER: 19 to 25 
mm. (0.75 to 0.98 in.). 

EXPANSION CHAMBER: To permit heating to 100° C. or 212° F. 

FILLING ABOVE Mercury: Nitrogen gas. 

Top FInisH: Plain. 

GRADUATION: All lines, figures, and letters clear cut and distinct. Lines at multiples 
of 5° C. or 10° F. to be longer than the remaining lines. Graduations to be 
numbered at each multiple of 10° C. or 20° F. 

IMMERSION: 108 mm. or 44 in. The words ‘'108-mm. immersion”’ on Centigrade 
thermometers or ‘‘44-in. immersion’”’ on Fahrenheit thermometers and a line 
around the stem 108.0 mm. or 4.25 in. above the bottom of the bulb shall be 
etched on the thermometer. 

SPECIAL MARKING: “A.S.T.M. Cloud and Pour,’’ a serial number and the manu- 
facturer’s name or trade mark shall be etched on the stem. 

SCALE Error: The error at any point of the scale, when the thermometer is stand- 
ardized as provided below, shall not exceed 0.5° C. or 1° F. 

STANDARDIZATION: The thermometer shall be standardized at the ice point and at 
intervals of approximately 20° C. or 40° F. for 108-mm. or 44-in. immersion 
and for an average temperature of 21° C. or 70° F. for the emergent mercury 
column. 

Case: The thermometer shall be supplied in a suitable case on which shall appear 
the marking: ‘‘A.S.T.M.Cloud and Pour, —38 to +50° C.” or ‘‘A.S.T.M. 
Cloud and Pour, —36 to +120° F.” according to the type of thermometer. 


Notre.—For the purpose of interpreting these specifications the following defi- 


- nitions apply: 


The total length is the over-all length of the finished instrument. 

The diameter is that measured with a ring gage. 

The length of the bulb is the distance from the bottom of the bulb to the begin- 
ning of the enamel backing. 

The top of the thermometer is the top of the finished instrument. 


(b) These specifications cover a special low cloud and pour test 
thermometer graduated in either Centigrade or Fahrenheit degrees 


as specified, the ranges being —60 to +20° C. or —70 to +70° F. 


Type: Etched stem, glass. 

Liguip: Toluene or other suitable liquid colored red with a permanent dye. 

RANGE AND SUB-DIVISION: —60 to +20° C. in 1° C. or —70 to +70° F. in 2° F. 
ToTAL LENGTH: 227 to 231 mm. (8.92 to 9.08 in.). 


- Srem: Plain front, enamel back, suitable thermometer tubing. Diameter 7.0 to 


8.0 mm. (0.28 to 0.31 in.). 
Bus: Corning normal or equally suitable thermometric glass. 
Length, 8.0 to 9.5 mm. (0.31 to 0.37 in.).- 
Diameter, 5.0 to 6.5 mm. (0.22 to 0.26 in.). 
DISTANCE TO —57° C. or —70° F, LINE From BoTToM oF BULB: 120 to 130 mm. 
(4.73 to 5.12 in.). 


Cork. 


Jacket. 


Cork Disk. 


Gasket. 


Bath. 
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DISTANCE TO +20° C. or +68° F. LINE FRoM Top OF THERMOMETER: 35 to 45 mm. 
(1.38 to 1.77 in.). 

EXPANSION CHAMBER: To permit heating to +60° C. or +140° F 

FILLING ABOVE Liguip: Gas under pressure. 

Top FinisH: Plain. 

GRADUATION: All lines, figures and letters clear cut and distinct, lines at multiples 
of 5° C. or 10° F. to be longer than the remaining lines. Graduations to be 
numbered at each multiple of 10° C. or 20° F. 

IMMERSION: 108 mm. (4} in.). The words ‘‘108-mm. immersion’ on Centigrade 
thermometers, or ‘‘4}-in. immersion’’ on Fahrenheit thermometers and a line 
around the stem 108 mm. (4.25 in.) above the bottom of the bulb, shall be 
etched on the thermometer. 

SPECIAL MARKING: ‘'A.S.T.M. Low Cloud and Pour’’ a serial number and the manu- 
facturer’s name or trade mark shall be etched on the thermometer. 

SCALE Error: The error at any point of the scale when the thermometer is stand- 
ardized as provided below, shall not exceed 1° C. or 2° F. 

STANDARDIZATION: The thermometer shall be standardized at the ice point and at 
intervals of approximately 20° C. or 35° F. for 108-mm. or 44-in. immersion, 
and for an avergae temperature of 21° C. or 70° F. for the emergent liquid 
column. 

CasE: The thermometer shall be supplied in a suitable case on which shall appear 
the marking ‘'A.S.T.M. Low Cloud and Pour, —60 to +20° C.” or A.S.T.M. 
Low Cloud and Pour, —70 to +70° F.,” according to the type of thermometer. 


Note.—For the purpose of epee these specifications, the following 


definitions apply: 
The total length is the overall length of the finished instrument. 


The diameter is that measured with a ring gage. 
The length of the bulb is the distance from the bottom of the bulb to the begin- 


ning of the enamel backing. 
The top of the thermometer is the top of the finished instrument. 


5. The cork, ¢c, shall fit the test jar, and shall be bored centrally 
to take the test thermometer. 


6. The jacket, d, shall be of glass or metal, shall be water tight, ‘ 


of cylindrical form, flat bottom, about 43 in. deep, with inside diameter 
4 in. greater than outside Giemcter of the test jar. 

7. A disk of cork or felt, e, } in. thick and of the same Clamietas 
as the inside of the jacket will Wa required. 

8. The ring gasket, f, shall be about 4 in. thick, and made to 
fit snugly around the outside of the test jar and loosely inside the 
jacket. This gasket may be made of cork, felt or other suitable 
material, elastic enough to cling to the test jar and hard enough to 
hold its shape. ‘The purpose of the ring gasket is to prevent the test 
jar from touching the jacket. 

9. The cooling bath, g, shall be of a type suitable for obtaining 
the required temperatures. The size and shape of the bath are 
optional but a support, suitable for holding the Jacket firmly in a 
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vertical position, is essential. For determination of very low pour 
points, a smaller insulated cooling bath may be used and the test 
jar placed directly in it. ‘The required bath temperatures‘may be 


yy 
BS 


PAERNBAARANEANS 


Fic. 1.—Apparatus for Cloud and Pour Test 
(as assembled for Cloud Test) 


maintained by refrigeration if available, otherwise by suitable 
freezing mixtures. 


NOTE. 


The freezing mixtures commonly used are as follows: 


For temperatures down to 50° F., ice and water. 
may 4 «10° F., crushed ice and sodium chloride. 
“ 15° F., crushed ice and calcium chloride. 
‘“ _70° F., solid carbon dioxide and acetone 
or gasoline, 


oc 6b 66 


“cc 6c 46 


Procedure 
for Cloud 
Point. 
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The last named mixture may be made as follows: In a covered metal beaker 
chill a suitable amount of acetone to 10° F., or lower, by means of an ice-salt mixture. 
Invert a cylinder of liquid carbon dioxide and draw off carefully into a chamois skin 
bag the desired amount of carbon dioxide, which through rapid evaporation will 
quickly become solid. Then add to the chilled acetone enough of the solid carbon 
dioxide to give the desired temperature. 


II. PROCEDURE 


10. The oil to be tested shall be brought to a temperature at 
least 25° F. above the approximate cloud point. Moisture, if present, 
shall be removed by any suitable method, as by filtration through dry 
filter paper until the oil is perfectly clear, but such filtration shall be 
made at a temperature at least 25° F. above the approximate cloud 
point. 

The clear oil shall be poured into the test jar, a, to a height of not 
less than 2 nor more than 24 in. The test jar may be marked to 
indicate the proper level. 

The test jar shall be tightly closed by the cork, c, carrying the 
test thermometer, 0, in a vertical position in the center of the jar with 
the thermometer bulb resting on the bottom of the jar. 

The disk, e, shall be placed in the bottom of the jacket, d, and the 
test jar with the ring gasket, f, 1 in. above the bottom shall be inserted 
into the jacket. The disk, jacket and inside of jacket shall be clean 
and dry. 

The temperature of the cooling bath, g, shall be adjusted so that 
it is below the cloud point of the oil by not less than 15 nor more than 
30° F. and this temperature shall be maintained throughout the test. 
The jacket, containing the test jar, shall be supported firmly in a 
vertical position in the cooling bath so that not more than 1 in. of the 
jacket projects out of the cooling medium. 

At each test thermometer reading which is a multiple of 2° F., 
the test jar shall be removed from the jacket, quickly but without 
disturbing the oil, inspected for cloud, and replaced in the jacket. 
This complete operation shall require not more than three seconds. 

When such inspection first reveals a distinct cloudiness or haze 
in the oil at the bottom of the test jar, the reading of the test ther- 
mometer, corrected for error if necessary, shall be recorded as the 
cloud point. 

11. The oil shall be poured into the test jar, a, to a height of 
not less than 2 nor more than 24 in. When necessary, the oil shall be 
heated in a water bath just sufficiently for pouring into the test jar. 


ah : 
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The test jar shall be tightly closed by the cork, c, carrying the 
test thermometer, b, in a vertical position in the center of the jar with 
the thermometer bulb immersed so that the beginning of the capillary 
shall be ¢ in. below the surface of the oil. | 

Heat without stirring to a temperature of 115° F. in a bath main- 
tained at not higher than 118° F. The oil shall then be cooled to 90° F. 
in air or in a water bath approximately 77° F. in temperature. Oils 


with which the low cloud and pour test thermometer can be used from 


the beginning of the test shall be cooled to 60° F. in any convenient 
manner before placing that thermometer in position. 

The disk, e, shall be placed in the bottom of the jacket, d, and the 
test jar, with the ring gasket, /, 1 in. above the bottom, shall be in- 
serted into the jacket. The disk, gasket and inside of jacket shall be 
clean and dry. 

After the oil has cooled enough to allow the formation of paraffin 
wax crystals, great care shall be taken not to disturb the mass of the 
oil nor to permit the thermometer to shift in the oil. Any disturbance 
of the spongy network of wax crystals will lead to low and fictitious 
results. 

The temperature of the cooling bath; g, shall be adjusted so that 
it is below the pour point of the oil by not less than 15 nor more than 
30° F. and this temperature shall be maintained throughout the test. 
The jacket, containing the test jar, shall be supported firmly in a 
vertical position in the cooling bath so that not more than 1 in. of the 
jacket projects out of the cooling medium. 

Beginning at a temperature 20° F. before the expected pour point, 
at. each test thermometer reading which is a multiple of 5° F., the 
test jar shall be removed from the jacket carefully and shall be tilted 
just sufficiently to ascertain whether there is a movement of the oil 
in the test jar. The complete operation of removal and replacement 
shall require not more than three seconds. As soon as the oil in the 
test jar does not flow when the jar is tilted, the test jar shall be held 
in a horizontal position for exactly five seconds, as noted by a stop 
watch or other accurate timing device and observed carefully. If 
the oil shows any movement under these conditions, the test jar shall 
be immediately replaced in the jacket and the same procedure repeated 


at the next temperature reading 5° F. lower. 


The test shall be continued in this manner until a point is 
reached at which the oil in the test jar shows no movement when 
the test jar is held in a horizontal position for exactly five seconds. 
Certain lubricating oils tend to move as a whole and should be 
very closely observed. The reading of the test thermometer at this 


418 TENTATIVE METHODS OF TEST FOR CLOUD AND Pour POINTS 


temperature, corrected for error if necessary, shall be recorded. The 


pour point shall be taken as the temperature 5° F. above this solid 
point. 


Special Procedure for Black Oils and Cylinder Stocks 


12. (a) In those cases where it is known that a sample has been 
subjected to some temperature higher than 115° F. during the pre- 
ceding 24 hours, or where the history of the sample in this respect is 
not known, the sample shall be held in the laboratory 24 hours before 
testing, unless threee consecutive tests of the same sample in the same 
test jar check results. For these particular oils this shall be called 
the maximum pour point. 

(b) The minimum pour point shall be determined by heating a 
sample with stirring to 220° F. The oil shall then be poured in the 
test jar, cooled to 90° F. as before, and the pour point determined as 
described in Section 11. 

-(c) The pour point of such oils shall be reported as lying 


between the maximum and minimum pour points (e. g., Pour Point - 


35°/50°F): 


TENTATIVE METHODS OF TESTING GAS OILS 


(GRAVITY, DISTILLATION, SULFUR, CARBON RESIDUE, POUR 
POINT, VISCOSITY, WATER)! 
Serial Designation: D 158-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to revision. 


IssSUED, 1923; REVISED, 1925. 


GRAVITY 


1. The gravity shall be determined at 60°/60° F. (15.6°/ Gravity. 
15.6° C.) in a pyknometer, accurately standardized, or by means of 
_a hydrometer or Westphal balance, the accuracy of which has been 
verified. The gravity shall be recorded as specific gravity or 
gravity, degrees A.P.I., at 60°/60° F. (15.6°/15.6° C.). 


DISTILLATION 


APPARATUS 


2. Flask.—The distillation flask shall be a Saybolt distilling flask, Flask. 
the dimensions and permissible variations being as follows: 


TOLERANCES, 

CENTIMETERS INCHES cM. 
Diameter of bulb, outside.................. 8.57 x Fe 0.3 
Diameter of neck, inside.................... 1.50 0.59 0.1 
Over all length, neck plus bulb.............. 21.50 8.46 0.3 
Men ULOEwanor tube lJ... Ya neon tt ieee oe 17.50 6.89 0.5 
Diameter of vapor tube, outside............. 0.60 0.24 0.05 
Diameter of vapor tube, inside.............. 0.40 0.16 0.05 
Thickness of vapor tube wall............... 0.10 0.04 0.02 


! The center of the vapor tube shall be 6.5 cm. (2.56 in.), 0.3 cm., 
below the top of the neck. The tube is approximately in the middle 
of the neck and set at an angle of 75 deg., +3 deg., with the vertical. 


1 Criticisms of these Tentative Methods are solicited and should be directed to Mr. R. P. Anderson, 


Secretary of Committee D-2 on Petroleum Products and Lubricants, 250 Park Ave., New York City. 
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3. Condenser.—The condenser! shall consistof a ;4-in.(14.29-mm.), 


outside diameter, No. 20 Stubbs Gage seamless brass tube, 22 
in.. (55.88 cm.) in length. It shall be set at an angle of 75 deg. 
with the vertical and shall be surrounded with a bath 15 in. (38.1 cm.) 
in length, approximately 4 in. (10.16 cm.) in width by 6 in. (15.24 cm.) 
in height. The bath shall be provided with suitable connections for 
circulating water through it. The lower end of the condenser tube 
shall be cut off at an acute angle, and curved downward for a length 
of 3 in. (7.62 cm.) and slightly backward so as to insure contact with 
the wall of the receiving graduate at a point approximately 1 to 1} in. 
(2.54 to 3.18 cm.) below the top of the graduate when it is in position 
to receive the distillate. 

4. Shield——The shield? shall be made of approximately No. 
22 gage sheet metal and shall be 19 in. (48.26 cm.) in height, 
11 in. (27.94 cm.) in length and 8 in. (20.32 cm.) in width, with a 
door on one narrow side, with two openings, 1 in. (2.54 cm.) in diam- 
eter, equally spaced, in each of the two narrow sides, and with a slot 
cut in one side for the vapor tube. The centers of these four openings 
shall be 85 in. (21.59 cm.) below the top of the shield. There shall 
also be three 4-in. (1.27-cm.) holes in each of the four sides with their 
centers 1 in. (2.54 cm.) above the base of the shield. 

5. Ring Support and Hard Asbestos Boards——The ring support 
may be of the ordinary laboratory type, 4 in. (10.16 cm.) or larger 
in diameter, and shall be supported on a stand inside the shield. 
There shall be two hard asbestos boards: One 6 by 6 by ¢ in. (15.24 
by 15.24 cm. by 6.35 mm.) with a hole 22 in. (6.99 cm.) in diameter in 
its center, the sides of which shall be perpendicular to the surface; 


the other, an asbestos board to fit tightly inside the shield, with an 


opening 4 in. (10.16 cm.) in diameter concentric with the ring support. 
These shall be arranged as follows: The second asbestos board shall be 
placed on the ring and the first or smaller asbestos board on top so 
that it may be moved in accordance with the directions for placing 
the distilling flask. Direct heat shall be applied to the flask only 
through the 22-in. (6.99-cm.) opening in the first asbestos board. 

6. Gas Burner.—The burner shall be so constructed that suffi- 
cient heat can be obtained to distill the product at the uniform rate 


1A condenser conforming to these specifications is illustrated in the Tentative Method of Test 
for Distillation of Gasoline, Naphtha, Kerosine, and Similar Petroleum Products (Serial Designation: 
D 86-25 T) of the American Society for Testing Materials. See p. 325. 

2A shield conforming to these specifications is illustrated in the Tentative Method of Test 
for Distillation of Gasoline, Naphtha, Kerosine, and Similar Petroleum Products (Serial Designa- 
tion: D 86-25 T) of the American Society for Testing Materials. See p. 325. 
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specified below. The flame should never be so large that it spreads 
over a circle of diameter greater than 44 in. (11.43 cm.) on the under 
surface of the asbestos board. A sensitive regulating valve and gas 
pressure governor are desirable adjuncts, as they give complete con- 
trol of heating. 

7. Thermometer.—The A.S.T.M. High Distillation Thermometer, 
conforming to the requirements specified in Section 6 (b) of the 
Tentative Method of Test for Distillation of Gasoline, Naphtha, 
Kerosine, and Similar Petroleum Products (Serial Designation: 
D 86-25 T) of the American Society for Testing Materials,! shall be 
used. 


8. Graduates.— 

(a) For Sample-—A graduate or pipette graduated to deliver 
200 cc., 1.0 cc., may be used for measuring the sample to be tested. 

(b) For Fractions—The graduates used for measuring fractions 
shall be of the cylindrical type, of uniform diameter, with a pressed 
or molded base and a lipped top. The cylinder shall be graduated 


‘to contain 100 cc. and the graduated portion shall be not less than 


7 in. (17.78 cm.) nor more than 8 in. (20.32 cm.) in length. It shall 
be graduated in single cubic centimeters and each fifth mark shall be 
distinguished by a longer line. It shall be numbered from the bottom 
at intervals of 10 cc. The overall height of the graduate shall be 
not less than 92 in. (24.8 cm.) nor more than 101 in. (26.0 cm.). 
The graduations shall not be in error by more than 1 cc. at any point 


on the scale. 


PROCEDURE 


9. (a) Provision shall be made for circulating water through 
the condenser. 

(b) The condenser tube shall be swabbed to remove any liquid 
remaining from the previous test. A piece of soft, lint-free cloth 
attached to a cord or copper wire may be used for this purpose. 

(c) A volume of water-free oil equivalent to 200 cc. at 55 to 65° F. 
(12.8 to 18.3° C.) shall be placed in the flask. 

(d) The thermometer, provided with a cork, shall be fitted tightly 
into the flask so that it will be in the middle of the neck and so that 
the lower end of the capillary tube is on a level with the inside of the 
bottom of the vapor outlet tube at its junction with the neck of the 
flask. ) 

(e) The charged flask shall be placed over the 2?-in. (6.99-cm.) 
Opening in the asbestos board with the vapor outlet tube inserted 


1See p. 325. 
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into the condenser tube. A tight connection may be made by means 
of a cork through which the vapor tube passes. The position of the 
flask shall be so adjusted that the vapor tube extends into the con- 
denser tube not less than 1 in. (2.54 cm.) nor more than 2 in. (5.08 cm.). 


(f) A clean, dry graduated cylinder shall be placed at the outlet | 


of the condenser tube in such position that the condenser tube shall 
extend into the graduate approximately 1 in. (2.54 cm.) but not 
below the 100-cc. mark. 

10. When everything is in readiness, water shall be circulated 
through the condenser bath at such a rate that the water overflowing 
the condenser shall be at a temperature of 90 to 100° F. (32.2 to 37.8° 
C.). Heat shall be applied to the contents of the flask at a uniform 
rate, so regulated that the first drop of condensate falls from the 
condenser in not less than 10 nor more than 15 minutes. When the 
first drop falls from the end of the condenser, the reading of the dis- 
tillation thermometer shall be recorded as the initial boiling potnt. 
The receiving cylinder shall then be moved so that the end of the con- 


denser tube shall touch the side of the cylinder. The heat shall then 


be so regulated that the distillation will proceed at a uniform rate of 
not less than 8 cc. nor more than 10 cc. per minute. A fraction shall 


be separated at every temperature point above the initial boiling point — 


that is a multiple of 50° F.1. When the temperature of the distilling © 


vapors reaches 500° F. (260° C.), the temperature of the water in 
the condenser bath shall be adjusted to approximately 140° F. and 


the bath maintained between 140 and 160° F. (60 to 71.1° C.) for the © 
remainder of the test. The distillation shall be continued until a_ 


vapor temperature of 700° F. (371.1° C.) is reached or until the 
maximum temperature point is reached. ‘The maximum temperature 
point may result from complete distillation of the oil below 700° F. 
(371.1° C.), or from cracking. 

In case the oil distills completely below 700° F. (371.1° C.), the 


1 When it is agreed to make allowance for the effect of barometric pressure, the observed tem- 
perature points at which fractions are to be separated in order to conform to multiples of 50° F. at 


760 mm. shall be calculated by the Sydney Young equation, so expressed as to simplify the application: | 


Cf =0.00012 P(460 +4), 
in which Cf is the correction to be added to the observed temperature when the barometer is above 
760 mm. and to be subtracted from the observed temperature when the barometer is below 760 mm. 

P is the difference in millimeters of mercury (at 32° F.) between 760 mm. and the observed baromet- 
ric pressure, corrected for instrumental errors. 

ty is the temperature point to be corrected. 

2 Cracking will be evidenced by an increase in distilling rate with a thermometer reading that 
may advance very slowly, remain stationary, or recede, and an effort to adjust the distilling rate will 
usually result in a decided drop in the temperature reading. When this condition is observed, it is 
advisable to discontinue the distillation. 


\ 


i 


; 
p 
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final adjustment of heat shall be made when a quantity of distillate 
amounting to 90 per cent of the sample has been collected. The 
heating shall be continued until the mercury reaches a maximum 
height and starts to fall consistently; but in no case should the period 
between the 90-per-cent point and the maximum temperature be more 
than 10 minutes. The highest temperature observed on the distilla- 
tion thermometer shall be recorded as the maximum temperature. 

Sufficient time shall be allowed after distillation is discontinued 
for the condenser to drain into the final fraction. Each fraction shall 
be brought to room temperature, the volume read and recorded, and 
the fraction set aside for the determination of the gravity. The per- 
centage of distillate in each fraction shall be calculated and recorded. 
The difference between 100 and the sum of the distillates in per cent 
shall be calculated and recorded as restdue and loss. 

The gravity of each fraction and of the residue shall be deter- 
mined at or corrected to 60° F. (15.6° C.). The gravity of each 
fraction shall be recorded as specific gravity or as gravity, degrees 
Boek. I. 


SULFUR 


11. The sulfur shall be determined in accordance with the Ten- 
tative Method of Test for Sulfur in Petroleum Oils Heavier than 
Illuminating Oil (Serial Designation: D 129 — 22 T) of the American 
Society for Testing Materials.’ , 


CARBON RESIDUE 


12. The carbon residue shall be determined in accordance with 
the Conradson Method, as described in the Tentative Method of 
Test for Carbon Residue of Lubricants (Serial Designation: D 
189 — 24 T) of the American Society for Testing Materials. 


POUR POINT 


13. The pour point shall be determined in accordance with the 
Tentative Method of Test for Cloud and Pour Points of Petroleum 
Products (Serial Designation: D 97-25 T) of the American Society 
for Testing Materials.’ 

1See p. 391. 


2 See p. 409. 
3 See p. 412. 
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VISCOSITY 


14. The viscosity shall be determined on the Saybolt Universal 
Viscosimeter at 100° F. in accordance with the Tentative Methods — 
of Test for Viscosity of Petroleum Products and Lubricants (Serial 
Designation: D 88 - 25 T) of the American Society for Testing 
Materials.' 


ry 


WATER 


15. Water shall be determined in accordance with the Standard: 
Method of Test for Water in Petroleum Products and Other Bitumi- 
nous Materials (Serial Designation: D 95) of the American Society 
for Testing Materials.” 


1See p. 358. 
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TENTATIVE SPECIFICATIONS 
FOR 


COMMERCIAL SIZES OF BROKEN STONE AND 
BROKEN SLAG FOR HIGHWAY 
CONSTRUCTION:! 


Serial Designation: D 63 - 23 T. 


This is a Tentative Standard only, published for the purpose of eliciting 
criticism and suggestions. It is not a Standard of the Society and until its 
adoption as Standard it is subject to revision. 


ISSUED, 1920; REVISED, 1923. 


1. These specifications cover the standard size designations 
and maximum permissible range in mechanical analyses for nine 
commercial grades of broken stone and broken slag, when used 
in the construction of plain or bituminous macadam, bituminous 
concrete, sheet asphalt and cement-concrete roads and pave- 
ments. 


I. MANUFACTURE. 


2. The standard sizes herein specified may be produced 
from the run of the crusher by means of any screening process 
in which the factors influencing the efficiency of the screening 
operation are so adjusted that the designated sizes will conform 
to the requirements for mechanical analysis specified in Section 4. 


II. STANDARD SIZES. 


3. Each of the standard sizes shall be designated by refer- 
ence to both the upper and lower nominal limiting size of the 
product: thus, “4 to #-in. size” indicating that portion of the 

ich 1 inally b % and 
product of a crusher, all of which is nominally between 4 an 
2 in. in size. 
1 Criticisms of these Tentative Specifications are solicited and should be directed, preferably 


before January 1, 1926, to Mr. Prévost Hubbard, Secretary of Committee D-4 on Road 
and Paving Materials, 441 Lexington Ave., New York City. 
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III. PERMISSIBLE VARIATIONS IN MECHANICAL ANALYSIS. 


Permissible 4. The designated size for each grade together with the 
Me haiaiade corresponding maximum permissible variations in mechanical 
Analysis. | analyses as determined by the use of laboratory screens, are 


given in the following table: 


MAXIMUM PERMISSIBLE RANGE IN MECHANICAL ANALYSIS FOR EACH SIZE 
PERCENTAGE BY WEIGHT Passing LABORATORY SCREENS. 


Diameter of Screen Openings, in. 
Designated Size, 
in. 


20 Ma OUND eS ee 
Vise Ne tenets 85-100) |. pe. £T | o epevbbaldea tad ‘Pe beck pee ule aie ne 
Rae ates FB OSH100 | eden e | awa dy) ieee y/o ane 
Diet Shere ace £0 BO 2 tit vastus 98-100 Nees | wee gee ee 
ee ee ee O- 1B) 1! 25= 7516 65-100, ot yng ofelas dae cb Rielle Siva eae nee 
gL n tane rare Oa Se bees ie 25-95 4 votre 95-100. | ° sce eee 
rhea: Rene oe yam MEL WINN san apc ae Wi Sw UP By py 25- 75 95-100. Aes 
3 ADS Weg bteaed Uae hass at de aoe 0-15 | 25-75 95-100 | ‘Givanges eee 

17 aR 1, abate HIME Ingest an Sepia on coh 0- 15 95-100 | 7) 00.5 

A Mie, SRO A ine Tease ocd Kalen! ai eb acc sonar a 0- 15 | 95-100 


2 In the case of light or porous slags a 4-in. maximum size may be specified instead of 33 in. 


IV. SIZE OF SAMPLES. 


Samples. 5. Samples of broken stone or broken slag which are to be 
examined to determine conformity with these specifications shall 
weigh at least 50 times the weight of the largest piece therein 
and be strictly representative of the product sampled. 


EXPLANATORY STATEMENT. 


The commercial sizes designated in the accompanying pro- 
posed specifications provide primarily for the separation of the 
run of crusher into five sizes not including the 0 to 4-in. size. 
Although the limiting sizes were determined after carefully 
considering the size requirements of the various types of roads 
using broken stone or slag, no definite requirements regarding 
use have been inserted, as such requirements will be included 
in specifications which are to be prepared by Committee D-4. 
It will be noted that a general tolerance of 15 per cent on the 
lower limiting size and 5 per cent on the upper limiting size for 
each grade is specified. It is felt that this will cover all unavoid- 
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able variations in grading of a given designated product. An 
intermediate size. requirement of from 25 to 75 per cent is also 
given for the + to 3-in. and the $ to 14-in. sizes. It is felt that 
for the two larger sizes an intermediate size requirement is not 
necessary. For the combination sizes which will ordinarily be 
used in cement-concrete work, a lower tolerance of 5 per cent is 
specified. In Table I various uses to which the different grades 
are adapted are indicated. 


TABLE I.—VARIOUS USES FOR WHICH THE DIFFERENT GRADES OF STONE 
ARE ADAPTED. 


Seeaneagy Size, Suggested Uses. 
0 - + Shani For fine screenings for waterbound maeadam. 
0 - Z.. aes “* fine aggregate for bituminous concrete. 
ra - 3 rate i ae screenings or chips for bituminous macadam or bituminous surface treat- 
3 - 14 ks s aa chips or 1-in. stone for bituminous macadam. 
it - 24 eer ‘* wearing course, waterbound macadam or bituminous macadam. 
24 - 34 eee: “* broken-stone base course. 
_ Comsrnation Sizzs. 
a 3 ree For coarse screenings for waterbound macadam. 
4 - 14 Las “ ageregate for reinforced concrete, bituminous concrete, sheet asphalt binder course. 
4 - 24 Seah “ coarse aggregate for cement-concrete roads and structures. 
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TENTATIVE SPECIFICATIONS 
FOR 
COMMERCIAL SIZES OF SAND AND GRAVEL FOR 
HIGHWAY CONSTRUCTION.! 


Serial Designation: D 64-20 T. 


This is a Tentative Standard only, published for the purpose of eliciting 
critcism and suggestions. It is not a Standard of the Society and until its 
adoption as Standard it is subject to revision. 


IssuED, 1920. 


1. These specifications cover the standard size designations 
and maximum permissible range in mechanical analyses for nine 
commercial grades of sand and gravel, when used in the con- 
struction of waterbound-gravel and cement-concrete roads and 
pavements. 


I. MANUFACTURE. 


2. The standard sizes herein specified may be produced 
from any screening process in which the factors influencing the 
efficiency of the screening operation are so adjusted that the 
designated sizes will conform to the requirements for mechanical 
analysis specified in Section 4. 


II. STANDARD SIZES. 


3. Each of the standard sizes shall be designated by refer- 
ence to both the upper and lower nominal limiting size of the 
product: thus, ‘3 to #-in. size’’ indicating that portion of the 
product of a sand and gravel screening plant, all of which is 
nominally between 4 and # in. in size. 


III. PERMISSIBLE VARIATIONS IN MECHANICAL ANALYSES. 


4. The designated size for each grade together with the 
corresponding maximum permissible variations in mechanical 
analyses as determined by the use of laboratory screens and 


1 Criticisms of these Tentative Specifications are solicited and should be directed, pref- 
erably before January 1, 1926, to Mr. Prévost Hubbard, Secretary of Committee D-4 on 
Road and Paving Materials, 441 Lexington Ave., New York City. 
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with sieves as specified in the Standard Method of Mechanical 
Analysis of Sand or Other Fine Highway Material, except Fine 
Aggregates Used in Cement Concrete (Serial Designation: D 7) 
of the American Society for Testing Materials! are given in 
the following table: 


MAXIMUM PERMISSIBLE RANGE IN MECHANICAL ANALYSIS FOR EACH SIZE. 


in. 
1 1 3 1 1 
4 2 4 1 13 2 a9 
Ope Peay ss Sac 95-100) aR W Lice eleh aloe eee e es [vase seth ae sdee 
Ce ie ae ee 852100, acter Ge aN acc 2a fh odlaaa hi boy oat 
Posh Li 
7 ii ee ce PARA LOUD oI ee pepo xl Reaeecelo baal h acre renal Ieee tae dees 
WwW. 3 de 
7 ii eee Cet A ae ORS LOOM rere dee ere Pi de 
i Ey} hos ee oer es c 25> 7H ee. OB LO0- | Ne PB a8 
seas es uk = 
rr 15 | OEE Ak ee ed Ch ee 276 | |bhaees G, 95-100 sere Mae? 
7. Sigs agpiens ea ae Let | pA ld, DH THI SL). 95-100 | ...... 
1 _91 as wl 
a 25 OAR ee Cheb Ne eer SU ferns eel tt Sass a0 ZOU ON sae eee 95-100 
Ly eee Lat ope OO mame dell [am acd leh aS Rel a O= Togs 85-100 | ...... 
TE baked tec se aa Ie Sori 8d ey tig IP, 
a Additional requirements for grading shall be as follows: 
passing ee O-mes i Sley Garner ate la ome caters ie dae cial dos! ocho iw cnesaia'e 25 to 75 per cent 
PASSIHE OU-MESD SICVE..; «ede Recah, at eee cha rellae stokteie eck Bac not over 25 2 


PERCENTAGE BY WEIGHT Passtna HAcH SCREEN. 


Designated Size, 


Diameter of Screen Openings, in. 


_ Passing 100-mesh sieve : 5 : 
b Limits for silt and clay content may be inserted if desired. ih he 
¢ Any percentage from 0 to 10 per cent may be designated, with a maximum permissible variation therefrom 


of not more than 23 per cent. 


IV. SIZE OF SAMPLES. 


5. Samples of sand shall weigh at least 10 lb. Samples of samples. 
gravel and samples composed of mixtures of sand and gravel 
shall weigh at least 50 times the weight of the largest piece 
therein. 
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TENTATIVE SPECIFICATIONS 
FOR 
BROKEN STONE FOR WATERBOUND BASE! 


Serial Designation: D 190-24 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions, It isnot a Standard of the Society and is subject to annual revision. 


ISSUED, 1924 


Material 1. These specifications cover the quality and grading of broken 
Covered. . ‘ 
stone and stone screenings for use in a waterbound broken stonerbase 
course which is to be covered with any type of surface. 


General _ 2. The broken stone shall consist of clean, tough, durable frag- 
Tac geal ments, free from an excess of flat, elongated, soft or disintegrated 
pieces. , 
3. Stone for screenings shall be of suitable binding quality. 
Physical 4. The stone shall conform to the following requirement: 
Beronises: Percentage’ of: wearts.;,| tote ae i: hee ene not more than 7.0 
14 to 23 in. 5. The course aggregate shall be of either (1) the 14 to 23-in. size 
sf sain OF (2) the 24 to 34-in. size, and shall be well graded between the limits 
Size. specified. When tested by means of laboratory screens, it shall con- 
form to one of the following requirements: 
(a) UPacsing i) dfn iSCreeni aac ovis «ss ea ee ek 0 to 15 per cent 
Passing 2§-ihs screen’. Jo. syliw. liane. baa 95to 100 “ 
(b) Passing 2441, Screen itiverps Ady ty skein. ¢ Oto 15 per cent 
Passing Shell eSCreen es 2 es is ke ue eae ae 95 to 10GRueen 
Notre.—Either of the above sizes or a combination thereof may be specified as 
desired. 
0 to 3-in. 6. The screenings shall be of either (1) the 0 to 4-in. size, or 
teh sin, (2) the 0 to 2-in. size, well-graded from coarse to fine and free from 
Size. dirt or other foreign material. When tested by means of laboratory 
screens they shall conform to one of the following requirements: 
(a))Paseing 2 -ineicereeniiin),. ct vse ane as eee 85 to 100 per cent 
(b) Passing F-1nwacteen. ss 2 vs. sec ana eae 40 to 80 per cent 
Passing tiineoreeny Oy) alalee chee acon teas 95 to 100 fi 


NotEe.—Either of the above alternate sizes may be specified as desired. 


1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. Prévost 
Hubbard, Secretary of Committee D-4 on Road and Paving Materials, 441 Lexington Ave., New ‘ 
York City. 
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7. (a) The percentage of wear shall be determined in accordance Methods of 
with the Standard Method of Test for Abrasion of Road Material Tes: 
(Serial Designation: D 2) of the American Society for Testing 
Materials.! 

(b) Determinations of size shall be made in accordance with the 
Standard Method of Mechanical Analysis of Broken Stone or Broken 
Slag, Except Aggregates Used in Cement Concrete (Serial Designation: 


D 18) of the American Society for Testing Materials.} 


8. The methods of sampling shall conform to the Standard Methods of 
Methods of Sampling Stone, Slag, Gravel, Sand and Stone Block for a act 
Use as Highway Materials, Including Some Material Survey Methods 
(Serial Designation: D 75) of the American Society for Testing 
Materials.! 


Note.—The test values for quality of stone incorporated in these specifications 
are suggested as the lowest safe requirements. It is not expected, however, that the 
limits for size and quality will be applicable to all localities and conditions. 
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TENTATIVE SPECIFICATIONS 
FOR 


BROKEN STONE FOR WATERBOUND MACADAM 
SURFACE COURSE! 


Serial Designation: D 191-24 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to annual revision. 


IssuED, 1924 


Material 1. These specifications cover the quality and grading of broken 
Covered. stone and broken stone screenings for use in waterbound macadam 
surface course. 


General 2. The broken stone shall consist of clean, tough, durable frag- 
a bi ments, free from an excess of flat, elongated, soft or disintegrated 
pieces. 
3. Stone for screenings shall be of suitable binding quality. 
Physical 4. The stone shall conform to the following requirements: 
Rage rnce: Percentage: of wear, ::at.0is) ova wien: hae See eae not more than 6 
‘Toughness .t. fuk ss eect aueiek 8 ay are Ae one not less than 6 
1} to 2} in. 5. The coarse stone shall be of (1) the 14 to 23-in. size or (2) the 
3 Pe sida. 2% to 34-in size and shall be well graded between these limits. When 
Size. tested by means of laboratory screens it shall conform to the 
following requirements: 
(a) Passing il tin oscreen «0, tiie ae <c0e wtou ya ele 0to 15 per cent 
Passifig 24:1n. ‘Screen inci wen fee ele ee te 95 to 100 + 
(Db) Passing Oesin Vecreen.. wiewy oe ns aa eee Oto 15 per cent 
Passings 941i SCT Geli ts Fae ta) ec ire eae 95 to 100 rs 
Note.—Either of the above sizes or a combination thereof may be specified as 
desired. 
0 to 3-in. 6. The screenings shall be of either (1) the 0 to 4-in. size, or (2) 
aie in, the 0 to 2-in. size, well graded from coarse to fine and free from dirt 
Size. or other foreign material. When tested by means of laboratory 


screens it shall conform to one of the following requirements: 


1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. Prévost 
Hubbard, Secretary of Committee D-4 on Road and Paving Materials, 441 Lexington Ave., New 
York City. 
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oe RaSh Pai. SCTEON , ccs sb Re enlWiel ds Se bia evs 85 to 100 per cent 
Pe asele rail SCLCN voc sche Wine Gehl abn ace fo: 40 to 80 per cent 
Pac Or ee OCTCON ay in eas tan teceis Lou's! 95to100 “ 


Note.—Either of the above alternate sizes may be specified as desired. 


7. (a) The percentage of wear shall be determined in accord- 
ance with the Standard Method of Test for Abrasion of Road Material 
(Serial Designation: D 2) of the American Society for Testing Ma- 
terials.} 

(6) The toughness shall be determined in accordance with the 
Standard Method of Test for Toughness of Rock (Serial Designation: 
D 3) of the American Society for Testing Materials.! 

(c) Determinations of size shall be made in accordance with the 
Standard Method of Mechanical Analysis of Broken Stone or Broken 
Slag, Except Aggregates Used in Cement Concrete (Serial Designa- 
tion: D 18) of the American Society for Testing Materials.! 

8. The methods of sampling shall conform to the Standard 
Methods of Sampling Stone, Slag, Gravel, Sand and Stone Block 
for Use as Highway Materials, Including Some Material Survey 
Methods (Serial Designation: D 75) of the American Society for 
Testing Materials.! 

Note.—The test values for quality of stone incorporated in these specifications 


are suggested as the lowest safe requirements. It is not expected, however, that the 
limits for size and quality will be applicable to all localities and conditions. 
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TENTATIVE SPECIFICATIONS 
FOR 
BROKEN STONE FOR BITUMINOUS MACADAM!? 


Serial Designation: D 192-24 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. Itis not a Standard of the Society and is subject to annual revision. 


ISSUED, 1924 


1. These specifications cover the quality and grading of broken 
stone for use in a bituminous macadam surface course or bituminous 
macadam base. | 

2. The broken stone shall consist of clean, tough, durable frag- 
ments, free from an excess of flat, elongated, soft or disintegrated 
pieces, and free from stone coated with dirt or other objectionable 
matter. 

3. The stone shall conform to the following requirements: 


Percentare.of wear iit wisei ad sures cick eta bins not more than 6 
TRAUgAesS. Foc gad Pulpit ee cl tack iy aes ates not less than 6 


4. The coarse stone shall be either (1) the 14 to 25-in. size or 
(2) the 23 to 3g-in. size and shall be well graded between the limits 
specified. When tested by means of laboratory screens it shall 
conform to one of the following requirements. 


(Qa Passing lenin, “Sereens) +. ares aie Che edge ee Oto 15 per cent 
PaAssINO. 2p-1N. SCreen (ue cba wea ee we a een 95 to 100 se 

(Ody Pacey 2o eit SCTCOT (9.000) Bins ein cals Gites aug 0 to. .15 per cent 
PAGE ae lis SCEOCTI at ale oo eck s dhs LEW eee 95 to 100 4 


5. The stone for filling the surface voids in the coarse aggregate 
shall be the # to 14-in. size, and when tested by means of laboratory 
screens shall conform to the following requirements: 


Passifig Sig necreen Me, sa oi Gate! eae rte ade Rae Oto 15 per cent 
Passing 11h, iserdensi..... a iuite,. Bene wee 4a 25:to «75 ce 
Passing (14-19, SGreetiy eo sic. oak ede la eee a ine 95 to 100 eo 


1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. Prévost 
Hubbard, Secretary of Committee D-4 on Road and Paving Materials, 441 Lexington Ave., New 
York City. 
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6. Stone chips for use in the seal coat shall be of the { to {-in. } to ?-in. 
size, and when tested by means of laboratory screens shall conform 5!7* 
to the following requirements: 


ere eet SCLeCl sy tee eh Py Ys le Sk esos y's Oto 15 per cent 
Eesiie writs SCTGEN Ys!) shee Sa. Geeky See eds 25 to 75 
Passine: 4-ing screen. Ji Raha tes oth hu GA. 95 to 100 n 


7. (a) The percentage of wear shall be determined in accordance methods of 
with the Standard Method of Test for Abrasion of Road Material Testing. 
(Serial Designation: D2) of the American Society for Testing 
Materials.! 

(b) The toughness shall be determined in accordance with the 
Standard Method of Test for Toughness of Rock (Serial Designation: 

D 3) of the American Society for Testing Materials.! 

(c) Determinations of size shall be made in accordance with 
the Standard Method of Mechanical Analysis of Broken Stone or 
Broken Slag, Except Aggregates Used in Cement Concrete (Serial 
Designation: D 18) of the American Society for Testing Materials.’ 

8. The methods of sampling shall conform to the Standard Methods of , 
Methods of Sampling Stone, Slag, Gravel, Sand and Stone Block for S#™plins- 
Use as Highway Materials, Including Some Material Survey Methods 
(Serial Designation: D 75) of the American Society for Testing 
Materials. 


Note.—The test values for quality of stone incorporated in these specifications 
are suggested as the lowest safe requirements. It is not expected, however, that the 
limits for size and quality will be applicable to all localities and conditions. 
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TENTATIVE SPECIFICATIONS 
FOR 


BROKEN STONE FOR BITUMINOUS CONCRETE BASE! 
Serial Designation: D 193-24 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It isnot a Standard of the Society and is subject to annual revision. 


IssuED, 1924 


1. These specifications cover the quality and grading of broken 
stone to be used in the construction of a closed mix and an open mix 
bituminous concrete base. 

2. The broken stone shall consist of clean, tough, durable frag- 


ments, free from an excess of flat, elongated, soft or disintegrated — 


pieces. 
3. The stone shall conform to the following requirements: 
Percentave of Weary ee sczcshaa ss caine teehee not more than 6 
Toughness in ret. erent Rene eee a not less than 6 


4. The coarse aggregate for open mix bituminous concrete base 
shall consist of the 14 to 23-in. size and shall be well graded between 
these limits. When tested by means of laboratory screens it shall 
conform to the following requirements: 


Passing ltt, Creech Mane ee na ca secret em Oto 15 per cent 
Passing 25-1nt SCreell. 7 OMe es ete ee ee 95 to 100 4s 


5. Thé coarse aggregate for closed mix bituminous concrete base 
shall consist of the ¢ to 23-in. size and shall be well graded between 
these limits. When tested by means of laboratory screens it shall 
conform to the following requirements: 


Passing tn. screen Vasu. skits, an peas tials oe Qto 5 per cent 
Passing T-t; ecréen |. pic) Bow Ae gee al, 25:40: 473 Ls 
Passing’ <2) cli screen sore a el, s,s ote ts ee er ae ee 95 to 100 Ee 


6. (a) The percentage of wear shall be determined in accordance — 


with the Standard Method of Test for Abrasion of Road Material 


1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr Prévost 


Hubbard, Secretary of Committee D-4 on Road and Paving Materials, 441 Lexington Ave., New. 


York City. 
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(Serial Designation: D 2) of the American Society for Testing 
Materials. 

(6) The toughness shall be determined in accordance with the 
Standard Method of Test for Toughness of Rock (Serial Designation: 

D 3) of the American Society for Testing Materials.! 

(c) Determinations of size shall be made in accordance with 
the Standard Method of Mechanical Analysis of Broken Stone or 
Broken Slag, Except Aggregates Used in Cement Concrete (Serial 
Designation: D 18) of the American Society for Testing Materials. 

7. The methods of sampling shall conform to the Standard Methods of 
Methods of Sampling Stone, Slag, Gravel, Sand and Stone Block for S@mpling. 
Use as Highway Materials, Including Some Material Survey Methods 
(Serial Designation: D 75) of the American Society for Testing 
Materials.! 


1 1924 Book of A.S.T.M. Standards. 
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TENTATIVE SPECIFICATIONS 
FOR 
BROKEN STONE FOR BITUMINOUS CONCRETE SURFACE! 


Serial Designation: D 194-24 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to annual revision. 


ISSUED, 1924 


1. These specifications cover the quality and grading of broken 
stone to be used in the construction of fine-graded bituminous con- 
crete pavements (Modified Topeka, or stone-filled sheet asphalt) and 
coarse-graded bituminous concrete, including asphaltic concrete 
binder. : | 

2..The broken stone shall consist of clean tough durable frag- 
ments free from an excess of flat, elongated, soft, or disintegrated 
pieces, and free from stone coated with dirt or other objectionable 
matter. 

3. The stone shall conform to the following requirements: 


Percetitag of Wears vice. ieee Gels hes Ee not more than 6 
Touphhess.).. (Uc Rw ies Rn ee et Se ee not less than 6 


4, Stone chips shall be of the } to 3-in. size. When tested by 
means of laboratory screens they shall conform to the following 
requirements: ; 


Passing -inviscreens rosin. . anak Oo Ae eaten Oto 15 per cent 
Passiny $-in, Screen dun cat. Bc aes A tans 95 to 100g7er 


5. The coarse aggregate for fine-grade bituminous concrete shall 
be of the + to 3-in. size and shall be well graded between these 
limits. When tested by means of laboratory screens it shall con- 
form to the following requirements: 


Passing: Si PECceen Gielen c's wy snatcie uae My ae Oto 15 per cent 
Passiny Pils Seneca aN Fc sahs ene Geel ee ee 25°10" 75 
Passing Sins screenees AG Aaa oe 95 to 100 


1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. Prévost 
Hubbard, Secretary of Committee D-4 on Road and Paving Materials, 441 Lexington Ave., New 
York City. 
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6. The coarse aggregate for coarse-graded bituminous concrete 
shall consist of the { to 14-in. size and shall be well graded between 
these limits. When tested by means of laboratory screens it shall 
conform to the following requirements: 


oaGaio t-1s SrTCEN. ss eee es wets an 0 to 10 per cent 
Pea F011) SCTE 1 F).02/ Me esde> SECs ving wel 2ic.k 2s 25utoue lS i 
PRO FeO SOT ECT COU es a 95 to 100 sf 


7. (a) The percentage of wear shall be determined in accord- 
ance with the Standard Method of Test for Abrasion of Road Material 
(Serial Designation: D 2) of the American Society for Testing Ma- 
terials? 

(b) The toughness shall be determined in accordance with the 
Standard Method of Test for Toughness of Rock (Serial Designa- 
tion: D 3) of the American Society for Testing Materials.1 

(c) Determinations of size shall be made in accordance with 
the Standard Method of Mechanical Analysis of Broken Stone or 
Broken Slag, Except Aggregates Used in Cement Concrete (Serial 
Designation: D 18) of the American Society for Testing Materials.' 

8. The methods of sampling shall conform to the Stand- 
ard Methods of Sampling Stone, Slag, Gravel, Sand and Stone 
Block for Use as Highway Materials, Including Some Material 
Survey Methods (Serial Designation: D 75) of the American Society 
for Testing Materials.! 


. 11924 Book of A.S.T.M. Standards. 
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TENTATIVE SPECIFICATIONS 
FOR 
BROKEN SLAG FOR BITUMINOUS MACADAM BASE} 


Serial Designation: D 195-24 T 
This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. Itis not a Standard of the Society and is subject to annual revision. 


ISSUED, 1924 


Material 1. These specifications cover ? to 1}-in., 1} to 23-in., and 23 to 

Covered. 31 in. size broken slag to be used in the construction of a bituminous 
macadam base in which the bituminous material is applied by the 
penetration method and which is to be covered with any type of 
surface course. 

The 23 to 34-in. size is intended for use as a first course, which 
will be penetrated with bituminous material, when a base of over 
35 in. is desired. 

The 1} to 23-in. size is intended for use as a second course which 
is to be penetrated with bituminous material. 

The 2 to 14-in. size is intended to fill the surface voids when a 
sheet asphalt or a fine-graded bituminous concrete is to be placed 
directly upon it. This material can be omitted when a coarse-graded 
bituminous concrete or a binder course is to be laid directly upon 
the base. 

General 2. The broken slag shall be air-cooled blast-furnace slag and 

aad shall consist of angular fragments reasonably uniform in density 
and quality, and reasonably free from thin, elongated or glassy 
pieces, dirt or other objectionable matter. 


Weight. 3. The weight per cubic foot of each size specified shall be not 
less than 65 lb. 

23 to 3}-in. 4. The coarse slag when tested by means of laboratory screens 
arn Bh ia. shall conform to the following requirements: 
Size. (@)WPASsinie a esttl ast TeGih. civ sa cir ary ere cetera not less than 95 per cent 

Total passing 2$-in. screen............: not more than 15 + 

(6) Passing 27eity Screen. 2.55. ics cola as not less than 95 per cent 
Total passing 1}-in. screen.......1...4. not more than 15 5 


1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. Prévost ~ 
Hubbard, Secretary of Committee D-4 on Road and Paving Materials, 441 Lexington Ave., New 
York City. 
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5. The intermediate size slag when tested by means of labora- {to 14-in. 
tory screens shall conform to the following requirements: bt 


Rericsitere 2 IN SCIOl sisi clei tae peats sinc} s not less than 95 per cent 
Pepe eAN SCrECN, chin, oc eo mire Raw «2 toe Zo tO. J a 
Peeing sith Screen. i. PAs th LAD. not more than 15 i 


6. Weight per Cubic Foot.—The weight per cubic foot shall be Methods of 
determined in accordance with the Standard Method of Test for #2 
Unit Weight of Aggregate for Concrete (Serial Designation: C 29) 
of the American Society for Testing Materials.! 

7. The method of sampling shall conform to the Standard Methods Sampling. 
of Sampling Stone, Slag, Gravel, Sand and Stone Block for Use as 
Highway Materials, Including Some Material Survey Methods 
(Serial Designation: D 75) of the American Society for Testing 
Materials.! 


NotE.—The test values for quality of slag incorporated in these specifications 
are suggested as the lowest safe requirements. It is not expected, however, that 
the limits for size and quality will be applicable to all conditions. 


11924 Book of A.S.T.M. Standards. 
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TENTATIVE SPECIFICATIONS 
FOR 
BROKEN SLAG FOR BITUMINOUS CONCRETE BASE! 


Serial Designation: D 196-24 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. Itis not a Standard of the Society and is subject to annual revision. 


ISSUED, 1924 


1. These specifications cover + to 1}-in. and } to 23-in. size broken 
slag, either of which is to be used in the construction of a bituminous 
concrete base prepared by the mixing method and upon which may 
be placed any type of surface course. 

2. The broken slag shall be air-cooled blast-furnace slag and shall 
consist of angular fragments reasonably uniform in density and 
quality, and reasonably free from thin, elongated or glassy pieces, 
dirt or other objectionable matter. 

3. The weight per cubic foot of each size’ specified shall be not 
less than 70 lb. 

4. The slag when tested by means of laboratory screens shall 
conform to one of the following requirements: 


(a) SReeeiie ir eeee Cet tr ta ie sss 0 Se eT not less than 95 per cent 
Pagsine 2-1 vecreen so set Le ok Ree 25° torte "i 
Pascuny Ssinuscreen neste). abc ete not more than 5 a 

(6). Passing 2o-in NSereen ables: dam ware Pye ws not less than 95 per cent 

M PaAseINe Loti Stree en aos. 3 auallias 25 to 75 oe 
"PASSE eit BCLOCH EL, ssc... she ls en ee not more than 5 a 


NotEe.—One of the above alternate sizes for broken slag should be specified to 
best suit the local and service conditions. 


5. Weight per Cubic Foot.—The weight per cubic foot shall be 
determined in accordance with the Standard Method of Test for 
Unit Weight of Aggregate for Concrete (Serial Designation: C 29) 
of the American Society for Testing Materials.” 

6. The methods of sampling shall conform to the Standard 
Methods of Sampling Stone, Slag, Gravel, Sand and Stone Block for 
Use as Highway Materials, Including Some Material Survey Methods 
(Serial Designation: D 75) of the American Society for Testing Ma- 
terials.? 

1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. Prévost 
Hubbard, Secretary of Committee D-4 on Road and Paving Materials, 441 Lexington Ave., New 


York City. 
21924 Book of A.S.T.M. Standards. 


(442) 


TENTATIVE SPECIFICATIONS 
FOR | 
BROKEN SLAG FOR BITUMINOUS MACADAM WEARING 
COURSE! 
Serial Designation: D 159-24 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to revision. 


IssUED, 1923; REVISED, 1924. 


1. These specifications cover # to 4-in., 14 to 2-in., and 2% to 
14-in. or 34 to 23-in. size slag to be used in the construction of a bitu- 
minous macadam wearing course in which the bituminous material is 
applied by the penetration method.’ The maximum size of 33 in. 
specified for the wearing course is on the basis of a course 24 to 33 in. 
in thickness after consolidation. ‘The 14 to 3-in. size should be used 
to fill the surface voids after the first application of bituminous 
material, and the ? to }-in. size after the application of the seal coat. 

2. The broken slag shall be air-cooled blast-furnace slag and shall 
consist of angular fragments reasonably uniform in density and 
quality, and reasonably free from thin, elongated or glassy pieces, 
dirt or other objectionable matter. 

3. The weight per cubic foot of each size specified shall be not 
less than 70 Ib. 

4. The 2 to 4-in. size is that portion of the product of the crusher, 
which, when tested by means of laboratory screens, shall meet the 
following requirements: 


Pe GiO ett), SCTCEL oi). oa) epetee eh eee sos ps not less than 95 per cent 
Paseo Malt SCLOCN . ns tis ce ate tae ss ws kite be Bitte ose 25 to 75 Ns 
Passine fin. Soreen, .5 Ate Pe ea ok not more than 15 a 


5. The 14 to 3-in. size is that portion of the product of the crusher, 
which, when tested by means of laboratory screens, shall meet the 
following requirements. 


Paetieal velis BCT OCT fo i Sy, acer galls edie lereciia 6 not less than 95 per cent 
WP BSSIVEt Er EY, GCTECTY . ou Ly ee ea is ere wn he ee de hele'e'a 25°toO) 7.4 2 
assinig Cbrisr Screen howe. STAG ae wok a ate not more than 15 . 


1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. Prévost 
Hubbard, Secretary of Committee D-4 on Road and Paving Materials, 441 Lexington Ave., New 
York City. 
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444 TENTATIVE SPECIFICATIONS FOR BROKEN SLAG 


6. The 23 to 14-in. and 33 to 23-in. sizes are that portion of the 
product of the crusher, which, when tested by means of laboratory 
screens, shall conform to one of the following requirements: 


Passing 29-10) SCPOei teas ae so aussie pte not less than 95 per cent 
Total passing 1}-in. screen..............+- not more than 15 se 
Passing 34-1, S0neeny Pees beers - an rok not less than 95 per cent > 
Total passing 23-in. screen................not more than 15 zi 


Notre.—One of the above alternate sizes for coarse slag should be specified to 
best suit the local and service conditions. 


~ 


7. Weight per Cubic Foot——The weight per cubic foot shall be 
determined in accordance with the Standard Method of Test for 
Unit Weight of Aggregate for Concrete (Serial Designation: C 29) 
of the American Society for Testing Materials. 

8.- The method of sampling shall conform to the Standard 
Methods of Sampling Stone, Slag, Gravel, Sand and Stone Block for 
Use as Highway Materials, Including Some Material Survey Methods 
(Serial Designation: D 75) of the American Society for Testing 
Materials.! 


11924 Book of A.S.T.M. Standards. 


TENTATIVE SPECIFICATIONS 
FOR 


BROKEN SLAG FOR BITUMINOUS CONCRETE 
(COARSE-GRADED AGGREGATE TYPE)! 


Serial Designation: D 160-24 T 


‘This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to revision. 


IsSUED, 1923; REVISED, 1924. 


1. These specifications cover 2 to }-in. and 1} to 4-in. size slag Material 
to be used in the construction of a coarse-graded bituminous concrete ©°VeFe4 
wearing course constructed by the mixing method. The # to 4-in. 
size should be used after the application of the seal coat when a seal 
coat is used. 

2. The broken slag shall be air-cooled blast-furnace slag and shall General 
consist of angular fragments reasonably uniform in density and quality, cace ese 
and reasonably free from thin, elongated or glassy pieces, dirt or other 
objectionable matter. 

3. The weight per cubic foot of each size specified shall be not Weight. 
less than 70 Ib. 

4. The ? to +-in. size is that portion of the product of the crusher, Ato 
which, when tested by means of laboratory screens, shall meet the “i $7 
following requirements: 


Peeing Eth. SCORCH c,) vs vxlties eae s Gieeb not less than 95 per cent 
BoeeiOorei01.. SChEEM. vow’, carte seus 1c ook ass eae Cae os 25 to 75 iy 
Passi +-1tl. SCEEEN. .y .. oka ete s os 4 ak not more than 15 - 


5. The 1% to ¥-in. size is that portion of the product of the crusher, 1% to v 
which, when tested by means of laboratory screens, shall meet the “i Si7* 
following requirements: 


Passes Li-in; screen ica hee es Pe ey aah 95 to 100 per cent 
Ramet Sit) A SCTCED ... af.) fl Cee als ls Sk Masel da eis we 25 tO a7 5 7 
Bese (Swit) A BCTEETL. . ce er os si ahi uss ates cea not more than 5 gr 


6. Weight per Cubic Foot.—The weight per cubic foot shall be Shee of 
: Zs . esting. 
determined in accordance with the Standard Method of Test for é 
1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. Prévost 


Hubbard, Secretary of Committee D-4 on Road and Paving Materials, 441 Lexington Ave., New 
York City. 
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Sampling. 


446 TENTATIVE SPECIFICATIONS FOR BROKEN SLAG 


Unit Weight of Aggregate for Concrete (Serial Designation: C 29) of 
the American Society for Testing Materials.! 

7. The method of sampling shall conform to the Standard 
Methods of Sampling Stone, Slag, Gravel, Sand and Stone Block for 
Use as Highway Materials, Including Some Material Survey Methods 
(Serial Designation: D 75) of the American Society for Testing 
Materials.! 


11924 Book of A.S.T.M. Standards. 


TENTATIVE SPECIFICATIONS 
FOR 


BROKEN SLAG FOR BITUMINOUS CONCRETE 
(FINE-GRADED AGGREGATE TYPE)! 


Serial Designation: D 161-24 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to revision. 


IssUED, 1923; REVISED, 1924. 


1. These specifications cover slag aggregate to be used in the con- Materiat 

struction of a bituminous concrete wearing surface constructed by the ©°vere?- 
mixing method. 

| 2. The broken slag shall be air-cooled blast-furnace slag and General 
shall consist of angular fragments reasonably uniform in density and ehh ie fe 
quality, and reasonably free from thin, elongated or glassy pieces, 
dirt or other objectionable matter. 

3. The weight per cubic foot shall be not less than 70 |b. Weight. 

4. The slag aggregate is that portion of the product of the crusher, Slag 
which, when tested by means of laboratory screens, shall conform Asetcséte 


: : Oto 14-in. 
to the following requirements: Size. 
Merc pA A SSCLCOU aire ain ny iow t's he ase be 95 to 100 per cent 
Peete iri GOVERN A was sae cu eas We vig’ spore ee clea Oto 7.0 es 


5. Weight per Cubic Foot.—The weight per cubic foot shall be Methods of 
determined in accordance with the Standard Method of Test for Testine- 
Unit Weight of Aggregate for Concrete (Serial Designation: C 29) 
of the American Society for Testing Materials.? 

6. The method of sampling shall conformtotheStandard Methods Sampling. 
of Sampling Stone, Slag, Gravel, Sand and Stone Block for Use as 
Highway Materials, Including Some Material Survey Methods (Serial 
Designation: D 75) of the American Society for Testing Materials.? 

1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. Prévost 
Hubbard, Secretary of Committee D-4 on Road and Paving Materials, 441 Lexington Ave., New 


York City. . 
21924 Book of A.S.T.M. Standards, 
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TENTATIVE SPECIFICATIONS 
FOR 
SAND FOR SHEET ASPHALT AND BITUMINOUS 
CONCRETE PAVEMENTS! 


Serial Designation: D 162-23 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to revision. 


ISSUED, 1923 


1. These specifications cover sand for use in the construction of 
the surface course of sheet asphalt pavements and those types of 
bituminous concrete pavements in which sand predominates. 

2. The grains of the sand shall be clean, tough, rough surfaced 
and angular. The sand after drying shall be free from lumps or balls 
of clay or of clay and sand. Before being incorporated into the paving 
mixture it shall conform to the following requirements as to grading: 
Passing 200-mesh Sieve..........000cee00eces Oto 5 per cent 


Passing 100-mesh sieve, retained on 200-mesh.. 6to 25 ‘“ \ 15: 46.4 Beesabe 
Passing 80-mesh sieve, retained on 100-mesh.. 6to 25 “ P 


Passing 50-mesh sieve, retained on 80-mesh.. 5to 40 ‘“ \ 30 to 60 Z 
Passing 40-mesh sieve, retained on 50-mesh.. 5to 30 “ 
Passing 30-mesh sieve, retained on 40-mesh.. 8to 25 ‘“ 
Passing 20-mesh sieve, retained on 30-mesh.. 5to 15 ‘ | 18 to 50 “ 
Passing 10-mesh sieve, retained on 20-mesh.. 5to 15 “ 
Passing al O-Mmesh SIEVel, sei cu hale tea oo 6 slot etc 95to 100 “ 
PASSING Fin SCreelivetee ne te Ce ee fee ee 100“ 


3. General Characteristics—The general characteristics shall be 
determined by examination under a microscope or a magnifying glass. 

4. Mesh Composition.—The tests for the mechanical analysis shall 
be made in accordance with the Standard Method of Mechanical 
Analysis of Sand or Other Fine Highway Material, Except Fine Aggre- 
gates Used in Cement Concrete (Serial Designation: D 7) of the 
American Society for Testing Materials.” 

5. The method of sampling shall conform to the Standard Methods 
of Sampling Stone, Slag, Gravel, Sand and Stone Block for Use as 
Highway Materials, Including Some Material Survey Methods (Serial 
Designation: D 75) of the American Society for Testing Materials.” 

1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. Prévost 
Hubbard, Secretary of Committee D-4 on Road and Paving Materials, 441 Lexington Ave., New 


York City. 
21924 Book of A.S.T.M. Standards. 
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TENTATIVE SPECIFICATIONS 
FOR 


NATURAL OR ARTIFICIAL SAND-CLAY MIXTURES FOR 
ROAD SURFACING! 


Serial Designation: D 67-23 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to revision. 


ISSUED, 1923 


1. The sand-clay shall be composed of either a naturally occur- 
ring or artificially prepared mixture of hard, durable, preferably 
angular, fragments of sand together with silt and clay with or without 
gravel, and shall be free from an excess of feldspar or mica. 

2. (a) When tested by means of laboratory sieves and screens the 
material shall conform to the following requirements as to grading: 


ASSIA 0 22 94tls rSCTOCT Wily fia Moye ty Meme eae lets. alia sis «bol a's 100 per cent 
PeaSe ati SCHOO a ee PR ote alte va ny 0. annys Elo. a9 & 30 to 100 7s 


(b) The material, if any, retained on the 4-in. screen shall be 
uniformly graded from the maximum size present to } in. 

(c) The material passing the -in. screen shall conform to the 
following requirements: 


ictal sand meee, Bee RIOD. ORE ta 50 to 80 per cent 
Sand: retained ion 40-mesh :fetidigers wet lh els Suey 30 to 60 
tr 8 eR a ee aa ks sto 20 . 
ON a ee gS AERIS) 2 0 15 to 30 by 


3. The tests for the mechanical analysis of the sand, clay, natural 
sand-clay or topsoil mixtures shall be made in accordance with the 
Tentative Method of Mechanical Analysis of Subgrade Soils (Serial 
Designation: D 137-25 T) of the American Society for Testing 
Materials,? except that the determination of the percentage of sus- 
pension clay may be omitted and the percentage of total clay may 
be calculated by difference as follows: 


100 — (Percentage of Sand + Percentage of Silt) = Percentage of Clay. 


1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. Prévost 
Hubbard, Secretary of Committee D-4 on Road and Paving Materials, 441 Lexington Ave., New 
York City. 

2See p. 490. 
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TENTATIVE SPECIFICATIONS 
FOR 
CALCIUM CHLORIDE FOR DUST PREVENTION.! 


Serial Designation: D 98-22 T. 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. 


IssuED, 1921; REVISED, 1922. 


1. These specifications cover calcium chloride to be applied 
to the surface of highways as a dust preventive. 


I. PROPERTIES AND TESTS. 


2. The calcium chloride shall be in the form of loose dry lumps 
or flakes, and fine enough to feed readily through the common forms of 
spreaders used in road work, and when tested by means of laboratory 
screens and sieves shall meet the following requirements: 


Passitie $-iniiscreen YO) Laie er. ven ib bees oe 100 per cent 
Retained on, $-im. screen cade. ceils ses Fareih pare op not more than 20 “ 
Passing '20+meésh Sieve sok ks ek y ele eon not more than 10  “ 


3. Ten grams of the material dissolved in 100 cc. of boiling water 
shall show less than 1.0 per cent insoluble residue. Not more than 
1.0 cc. of normal acid shall be required to neutralize the alkalinity of 
the filtrate, using methyl orange. The chemical composition shall 
conform to the following requirements: 


CaCk (anhydrous).......................not less than 73. per cent 
MRC e iO bs VE OPPRETL 284), Jionthe. Sok not more than 0.5 “ 
Na@l sy inavacd opts te pete ede fe» ba ore peel not more than 2.0 “ 
Other impurities. eae toss pooh.» 3m» Wf not more than 1.0 ‘“ 


The percentage of calcium chloride shall be calculated from the 
percentage of calcium in the filtrate above referred to, after making a 
deduction for the SO., which shall be assumed to be in combination 
as CaSQu. 


1 Criticisms of these Tentative Specifications are solicited and should be directed, preferably 


before January 1, 1926,to Mr. Prévost Hubbard, Secretary of Committee D-4 on Road and Paving 


Materials, 441 Lexington Ave., New York City. 
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SERIAL DESIGNATION: D 98 — 22 T 451 


II. PACKAGES. 


4. The calcium chloride shall be delivered in air-tight moisture- 
proof bags or sacks containing approximately 100 lb. each, or in air- 
tight steel drums weighing not more than 350 lb. each. The name of 
the manufacturer, the lot number, the approximate net weight, and 
the percentages of calcium chloride guaranteed by the manufacturer 
shall be plainly marked on each container. 


III. INSPECTION. 


5. Every facility shall be provided the purchaser should he elect 
to have his own representative sample the material at the plant. If 
the purchaser decides to sample the material after delivery in the field 
it is understood that a 3-per-cent variation in content of CaCl, from 
the chemical composition stated in Section 3 shall be permissible. 

6. Calcium chloride shall be rejected if it fails to pass any of 
the requirements of these specifications and if it has become caked or 
sticky in the containers before opening. 


IV. BASIS OF PAYMENT. 


7. Payment will be made on the basis of total number of pounds 
of 100-per-cent calcium chloride delivered. 


Packages. 


Inspection. 


Rejection. 


Basis of 
Payment. 


TENTATIVE SPECIFICATIONS 
FOR . 
ASPHALT CEMENT, 10 TO 15 PENETRATION, FOR 
THE MANUFACTURE OF ASPHALT BLOCK.! 


Serial Designation: D 133 - 23 T. 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. 


IssuED, 1922; REVISED, 1923. 


Properties 1. The asphalt cement shall be homogeneous and free from water. 
It shall conform to the following requirements: 

(a) Penetration at 25° C. (77° F.),, 100. ¢., 5 sec...) slOunoute 

(b) Flash Point (open cup).....not less than 200° C. (392° F.) 

(c), Loss.on heating,at 163°.C. (325° F,),.50.¢., 5 ite 

BPE. 0 Ay a peel gO not more than 1 per cent 

Penetration at 25° C. (77° F.), 100 g., 5 sec., of residue after 

heating at 160° C. (325° F.) as compared with penetration 

of asphalt cement before heating, not less than 50 per cent 


(d)’ Ductility at 257 .Cis7 7) Fs) Gs eee ee 5 cm. toc smeiae 
(e) Proportion of bitumen soluble in carbon tetrachloride....... 
RT IG fe Sag eT mt not less than 99 per cent 


NotTeE.—When less than 99 per cent of the asphalt cement is soluble in carbon 
tetrachloride, the percentage of bitumen (solubility in carbon disulfide) shall be 
reported. 

Methods al 2. The properties enumerated in these specifications shall be 
Testing. determined in accordance with the following methods of test of the 
American Society for Testing Materials: 
(a) Penetration: Standard Method of Test for Penetration of 
Bituminous Materials (Serial Designation: D 5).? 
(b) Flash Point: Standard Method of Test for Flash and Fire 
Points by Means of Open Cup (Serial Designation: D 92).* 
(c) Loss on Heating: Standard Method of Test for Loss on 
Heating of Oil and Asphaltic Compounds (Serial Designation: D 6). 
(d) Ductility: Tentative Method of Test for Ductility of 
Bituminous Materials (Serial Designation: D 113 — 22 T).4 
(e) Proportion of Bitumen Soluble in Carbon Tetrachloride: Tenta- 
tive Method of Test for the Determination of Proportion of Bitumen 
Soluble in Carbon Tetrachloride (Serial Designation: D 165 - 23 T).® 


1Criticisms of these Tentative Specifications are solicited and should be directed, preferably 
before January 1, 1926, to Mr. Prévost Hubbard, Secretary of Committee D-4 on Road and Paving 
Materials, 441 Lexington Ave., New York City. 

2A.S.T.M. Standards Adopted in 1925. 

3 1924 Book of A.S.T.M. Standards. : 

$See p. 501. 5See p. 499, 
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TENTATIVE SPECIFICATIONS 
FOR 
ASPHALT CEMENT, 15 TO: 25 PENETRATION, FOR 
THE MANUFACTURE OF ASPHALT BLOCK. 


Serial Designation: D 134-23 T. 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. 


ISSUED, 1922; REVISED, 1923. 


1. The asphalt cement shall be homogeneous and free from water. 
It shall conform to the following requirements: 


imbenctration at 25. Galen. ye t00 gecd'sec.. 2. 0% 15° £0.25 

(b) Flash Point (Open Cup)...... not less than 200° C. (392° F.) 

Po ebocs on eating at ose. (O25 Fs) 50") ) S Hye ee 

PO a da s- <5 E o not more than 1 per cent 

Penetration at 25° C. (77° F.), 100 g., 5 sec., of residue after 

heating at 163° C. (325° F.) as compared with penetration 

of asphalt cement before heating, not less than 50 per cent 

Pemmuicuty atom mtr an lee te, tl Set 5 cm. to 20 cm. 

(e) Proportion of bitumen soluble in carbon tetrachloride....... 

OP BETIS. 1A a Ste Pi ee a eR not less than 99 per cent 

NotE.—When less than 99 per cent of the asphalt cement is soluble in carbon 

tetrachloride, the percentage of bitumen (solubility in carbon disulfide) shall be 

reported. 

2. The properties enumerated in these specifications shall be 

determined in accordance with the following methods of test of the 
American Society for Testing Materials: 


(a) Penetration: Standard Method of Test for Penetration of 
Bituminous Materials (Serial Designation: D 5).? 
(b) Flash Point: Standard Method of Test for Flash and Fire 
Points by Means of Open Cup (Serial Designation: D 92). 
(c) Loss on Heating: Standard Method of Test for Loss on 
Heating of Oil and Asphaltic Compounds (Serial Designation: D 6). 
(d) Ductility: Tentative Method of Test for Ductility of 
Bituminous Materials (Serial Designation: D 113-22 T).4 
(e) Bitumen Soluble in Carbon Tetrachloride: Tentative Method 
of Test for the Determination of Proportion of Bitumen Soluble in 
Carbon Tetrachloride (Serial Designation: D 165 - 23 T).° 
1 Criticisms of these Tentative Specifications are solicited and should be directed, preferably 
before January 1, 1926, to Mr. Prévost Hubbard, Secretary of Committee D-4 on Road and Paving 
Materials, 441 Lexington Ave., New York City. 
2 A.S.T.M. Standards Adopted in 1925, 


31924 Book of A.S.T.M. Standards. 
4See p. 501. 5See p. 499. 
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Properties. 


Methods of 
Testing. 


TENTATIVE SPECIFICATIONS 
FOR 


ASPHALT CEMENT, 25 TO 30 PENETRATION, FOR USE IN 
SHEET ASPHALT AND ASPHALTIC-CONCRETE 
PAVEMENTS! 


Serial Designation: D 163-23 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to revision. 


ISSUED, 1923 


Properties. 1. The asphalt cement shall be homogeneous and free from water. 
It shall conform to the following requirements: 
(a), Penetration at. 25° C. (77° F.); 100 ¢., 5 sec saan 25 to 30 
(b) Flash Point (open cup)....... not less than 175° C. (347° F.) 
(c) Loss on heating at 163° C. (325° F.), 50 g., 
DOT en armen Pe N.S) Sp i Se not more than 2 per cent 
Penetration at 25° C. (77° F.), 100 g., 5 sec., of residue after 
heating at 163° C. (325° F.) as compared with penetration 
of asphalt cement before heating, not less than 60 per cent 


(2) Ductintipa 2 So 077. Wl.) Vitec nee not less than 15 cm. 
(e) Proportion of bitumen soluble in carbon 
TOLDQCDIOTICe gwen. bik pk pe ee not less than 99 per cent 


Note.—When less than 99 per cent of the asphalt cement is soluble in carbon 
tetrachloride, the percentage of bitumen (solubility in carbon disulfide) shall be 
reported. 


Methods of 2. The properties enumerated in these specifications shall be 
Testing. determined in accordance with the following methods of test of the 
American Society for Testing Materials: 
(a) Penetration: Standard Method of Test for Penetration of 
Bituminous Materials (Serial Designation: D 5). 
(b) Flash Point: Standard Method of Test for Flash and Fire 
Points by Means of Open Cup (Serial Designation: D 92).3 


1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. Prévost 
Hubbard, Secretary of Committee D-4 on Road and Paving Materials, 441 Lexington Ave., New 
York City. ‘ 

2A.S.T.M. Standards Adopted in 1925. 

81924 Book of A.S.T.M. Standards. 
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SERIAL DESIGNATION: D 163-23 T 455 


(c) Loss on Heating: Standard Method of Test for Loss on Heat- 
ing of Oil and Asphaltic Compounds (Serial Designation: 
D 6)... 

(d) Ductility: Tentative Method of Test for Ductility of Bitu- 
minous Materials (Serial Designation: D 113-22 T), 

(e) Proportion of Bitumen Soluble in Carbon Tetrachloride: 
Tentative Method of Test for the Determination of Pro- 
portion of Bitumen Soluble in Carbon ‘Tetrachloride 
(Serial Designation: D 165 —23 T). 


11924 Book of A.S.T.M. Standards. 
2See p. 501. 
See p. 499. 


TENTATIVE SPECIFICATIONS 
FOR 


ASPHALT CEMENT, 30 TO 40 PENETRATION, FOR USE IN 
SHEET ASPHALT AND ASPHALTIC-CONCRETE 
PAVEMENTS! 

Serial Designation: D 164-23 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to revision. 


ISSUED, 1923 


Properties. 1. The asphalt cement shall be homogeneous and free from water. 
It shall conform to the following requirements: 
(a) Penetration at 25°C. (77° F.), 100°, '5'sec, 7, ee 30 to 40 
(b) Flash Point (open cup)...... not less than 175° C. (347° F.) 
(c) Loss on heating at 163° C. (325° F.), 50 g., 
5 ray eee ee aig! ae not more than 2 per cent 


Penetration at 25° C. (77° F.), 100 g., 5 sec., of residue after 
heating at 163° C. (325° F.) as compared with penetration 
of asphalt cement before heating, not less than 60 per cent 


(2) Ducthiviatese egy oh. Se eee not less than 25 cm. 
(e) Proportion of bitumen soluble in carbon 
tetrachiondees wars. .c'., 1a not less than 99 per cent 


NotTe.—When less than 99 per cent of the asphalt cement is soluble in carbon 
tetrachloride, the percentage of bitumen (solubility in carbon disulfide) shall be 
reported. 


Methods of 2. The properties enumerated in these specifications shall be 
Testing. determined in accordance with the following methods of test of the 
American Society for Testing Materials: 
(a) Penetration: Standard Method of Test for Penetration of | 
Bituminous Materials (Serial Designation: D 5).? 
(b) Flash Point: Standard Method of Test for Flash and Fire 
Points by Means of Open Cup (Serial Designation: D 92). 
1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. Prévost 
yaa nae of Committee D-4 on Road and Paving Materials, 441 Lexington Ave., New 


2A.S.T.M. Standards Adopted in 1925. 
31924 Book of A.S.T.M. Standards. 
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SERIAL DESIGNATION: D 164-23 T 457 


(c) Loss on Heating: Standard Method of Test for Loss on Heat- 
ing of Oil and Asphaltic Compounds (Serial Designation: 
D 6).! 

(d) Ductility: Tentative Method of Test for Ductility of Bitu- 
minous Materials (Serial Designation: D 113-22 T).? 

(e) Proportion of Bitumen Soluble in Carbon Tetrachloride: 
Tentative Method of Test for the Determination of 
Proportion of Bitumen Soluble in Carbon Tetrachloride 
(Serial Designation: D 165 — 23 T).? 


11924 Book of A.S.T.M. Standards. 


2 See p. 501. 
3 See p. 499. 
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Methods of 
Testing. 


TENTATIVE SPECIFICATIONS 
FOR 
ASPHALT CEMENT, 40. TO 50 PENETRATION, FOR USE 
IN SHEET ASPHALT AND ASPHALTIC-CONCRETE 
PAVEMENTS. 


Serial Designation: D 99-23 T. 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. 

IsSUED, 1921; REVISED, 1922, 1923. 


1. The asphalt cement shall be homogeneous and free from water. 
It shall conform to the following requirements: 

(a) Penetration ‘at 25°C. (77°'F.) 100 2.5 see. :..40 to 50 

(6) Flash point (open cup)....... not less than 175° C. (347° F.) 

(c)' Loss on heating at 163°C. (325° F.), 50’ g., 5: rg 

Pee Na sess SR 2 not more than 2 per cent 
Penetration at 25° C. (77° F.), 100 g., 5 sec., of residue after 
heating at 163° C. (325° F.) as compared with penetration 
of asphalt cement before heating. .not less than 60 per cent 

(d) Ductility at'25% CM77° F.). 770 eee not less than 30 cm. 

(e) Proportion of bitumen soluble in carbon tetrachloride....... 

CTE NC tent eepty eatery e's ee not less than 99 per cent 

Nore.—When less than 99 per cent of the asphalt cement is soluble in carbon 

tetrachloride, the percentage of bitumen (solubility in carbon disulfide) shall be 
reported. 

2. The properties enumerated in these specifications shall be 
determined in accordance with the following methods of test of the 
American Society for Testing Materials: 

(a) Penetration: Standard Method of Test for Penetration of 
Bituminous Materials (Serial Designation: D 5);? 

(b) Flash Point: Standard Method of Test for Flash and Fire 
Points by Means of Open Cup (Serial Designation: D 92); 

(c) Loss on Heating: Standard Method of Test for Loss on Heating 
of Oil and Asphaltic Compounds (Serial Designation: D 6).;3 

(d) Ductility: Tentative Method of Test for Ductility of Bitumi- 
nous Materials (Serial Designation: D 113-22 T);! 

(e) Proportion of Bitumen Soluble in Carbon Tetrachloride: Ten- 
tative Method of Test for the Determination of Proportion of Bitumen 
Soluble in Carbon Tetrachloride (Serial Designation: D 165-23 T).° 
REE KS ober. Tentative Specifications are solicited and should be directed, preferably before 
January 1, 1926, to Mr. Prévost Hubbard, Secretary of Committee D-4 on Road and Paving Materials, 
441 Lexington Ave., New York City. 


2A.S.T.M. Standards Adopted in 1925. 
31924 Book of A.S.T.M. Standards. 4Seep.501. Seep. 499, . 
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TENTATIVE SPECIFICATIONS 
FOR 
ASPHALT CEMENT, 50 TO 60 PENETRATION, FOR USE 
IN SHEET ASPHALT AND ASPHALTIC-CONCRETE 
PAVEMENTS.! 


Serial Designation: D 100-23 T. 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. 


ISSUED, 1921; REVISED, 1922, 1923. 


1. The asphalt cement shall be homogeneous and free from water. 
It shall conform to the following requirements: 

(gierenctration at'257°G. (77) °F .),-100'¢.,.5 sec... 2... 50 to 60 

(b) Flash point (open cup)........ not less than 175° C. (347° F.) 

Loss onheating, aud63..6. (325 .F.),°50's.) 5 hres. tek 

<p I GAME BRS Sy CR not more than 2 per cent 
Penetration at 25° C. (77° F.), 100 g., 5 sec., of residue after 
heating at 163° C..(325° F.) as compared with penetration 
of asphalt cement before heating. :not less than 60 per cent 

Prmerotity ates 2G (fay ee css «oe os ops not less than 30 cm. 

(e) Proportion of bitumen soluble in carbon tetrachloride....... 

OE Se AL a not less than 99 per cent 

Note.—When less than 99 per cent of the asphalt cement is soluble in carbon 

tetrachloride, the percentage of bitumen (solubility in carbon disulfide) shall be 
reported. 

2. The properties enumerated in these specifications shall be 
determined in accordance with the following methods of test of the 
American Society for Testing Materials: 

(a) Penetration: Standard Method of Test for Penetration of 
Bituminous Materials (Serial Designation: D 5);? 

(b) Flash Point: Standard Method of Test for Flash and Fire 
Points by Means of Open Cup (Serial Designation: D 92);3 

(c) Loss on Heating: Standard Method of Test for Loss on 


Heating of Oil and Asphaltic Compounds (Serial Designation: D 6);?. 


(d) Ductility: Tentative Method of Test for Ductility of Bitumi- 
nous Materials (Serial Designation: D 113 — 22 T);! 

(e) Proportion of Bitumen Soluble in Carbon Tetrachloride: Tenta- 
tive Method of Test for the Determination of Proportion of Bitumen 
Soluble in Carbon Tetrachloride (Serial Designation: D 165 — 23 T).5 


1 Criticisms of these Tentative Specifications are solicited and should be directed, preferably 
before Jannary 1, 1926, to Mr. Prévost Hubbard, Secretary of Committee D-4 on Road and Paving 
Materials, 441 Lexington Ave., New York City. 

2 A.S.T.M. Standards Adopted in 1925. 

31924 Book of A.S.T.M. Standards. ‘See p. 501. 5See p. 499. 
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TENTATIVE SPECIFICATIONS 
FOR 
ASPHALT CEMENT, 60 TO 70 PENETRATION, FOR USE 
IN SHEET ASPHALT, ASPHALTIC CONCRETE, AND 
ASPHALT-MACADAM PAVEMENTS:.! 


Serial Designation: D 101-23 T. 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. 


ISSUED, 1921; REVISED, 1922, 1923. 


1. The asphalt cement shall be homogeneous and free from 
water. Itshall conform to the following requirements: 


(a), Penetration, at’ 25-.C. (77-. F:),.100.¢., 5 sec. um 60 to 70 
(b) Flash point (open cup)........ not less than 175° C. (347° F.) 
(c)-,Loss.on heating at,163° C. (325°°F.), 50,¢., 9 ieee 


Rica | eee eRe kL. c. < en! not more than 2 per cent 


Penetration at 25° C. (77° F.), 100 g., 5 sec., of residue after 
heating at 163° C. (325° F.) as compared with penetration 
of asphalt cement before heating. .not less than 60 per cent 

(2). Ductility aos Ge 77” F.)...a tee not less than 30 cm. 

(e) Proportion of bitumen soluble in carbon tetrachloride....... 

PE AO a da RRND E 5, not less than 99 per cent 

NoTEeE.—When less than 99 per cent of the asphalt cement is soluble in carbon 
tetrachloride, the percentage of bitumen (solubility in carbon disulfide) shall be 
reported. 

2. The properties enumerated in these specifications shall be 
determined in accordance with the following methods of test of the 
American Society for Testing Materials: 

(a) Penetration: Standard Method of Test for Penetration of 
Bituminous Materials (Serial Designation: D 5);? 

(b) Flash Point: Standard Method of Test for Flash and Fire 
Points by Means of Open Cup (Serial Designation: D 92);3 

(c) Loss on Heating: Standard Method of Test for Loss on 
Heating of Oil and Asphaltic Compounds (Serial Designation: D 6);? 

(d) Ductility: Tentative Method of Test for Ductility of Bitu- 
minous Materials (Serial Designation: D 113 — 22 T);4 

(e) Proportion of Bitumen Soluble in Carbon Tetrachloride: Tenta- 
tive Method of Test for the Determination of Proportion of Bitumen 
Soluble in Carbon Tetrachloride (Serial Designation: D 165 — 23 T).° 

1 Criticisms of these Tentative Specifications are solicited and should be directed, preferably before 
January 1, 1926, to Mr. Prévost Hubbard, Secretary of Committee D-4 on Road and Paving Materials, 
441 Lexington Ave., New York City. 


2A.S.T.M. Standards Adopted in 1925. 
31924 Book of A.S.T.M. Standards. ‘See p. 501. ‘See p. 499, 
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TENTATIVE SPECIFICATIONS 
FOR 
ASPHALT CEMENT, 85 TO 100 PENETRATION, FOR USE 
IN ASPHALT-MACADAM PAVEMENTS.! 


Serial Designation: D 102-24 T. 

This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. 

IssuED, 1921; REVISED, 1922, 1923, 1924. 
1. The asphalt cement shall be homogeneous and free from water. 
It shall conform to the following requirements: 


(a) Penetration at 25° C. (77° F.), 100 g., 5sec....... 85 to 100 

(b) Flash point (open cup)....... not less than 175° C. (347° F.) 

feimlioss on heating atel6s. Ge -(325°°F.),°50'@.; & bry .t tii be 

SA uly Cae Ge Welt ota Spee ea not more than 2 per cent 
Penetration at 25° C. (77° F.), 100 g., 5 sec., of residue after 
heating at 163° C. (325° F.) as compared with penetration 

of asphalt cement before heating. .not less than 60 per cent 

fa reietiiity ateco eS PSI pL els yy not less than 30 cm. 

(e) Proportion of bitumen soluble in carbon tetrachloride....... 

Re ae SEL IE Whee, Fa ME 1 CG not less than 99 per cent 

Note.—When less than 99 per cent of the asphalt cement is soluble in carbon 
tetrachloride, the percentage of bitumen (solubility in carbon disulfide) shall be 
reported. 

2. The properties enumerated in these specifications shall be 
determined in accordance with the following methods of test of the 
American Society for Testing Materials: 

(a) Penetration: Standard Method of Test for Penetration of 
Bituminous Materials (Serial Designation: D 5);? 

(b) Flash Point: Standard Method of Test for Flash and Fire 
Points by Means of Open Cup (Serial Designation: D 92) ;3 

(c) Loss on Heating: Standard Method of Test for Loss on 
Heating of Oil and Asphaltic Compounds (Serial Designation: D 6) ;? 

(d) Ductility: Tentative Method of Test for Ductility of Bitumi- 
nous Materials (Serial Designation: D 113-22 T);4 

(e) Proportion of Bitumen Soluble in Carbon Tetrachloride: Ten- 
tative Method of Test for the Determination of Proportion of Bitumen 
Soluble in Carbon Tetrachloride (Serial Designation: D 165 — 23 T).° 


1 Criticisms of these Tentative Specifications are solicited and should be directed, preferably before 
January 1, 1926, to Mr. Prévost Hubbard, Secretary of Committee D-4 on Road and Paving Materials, 
441 Lexington Ave., New York City. 

2 A.S.T.M. Standards Adopted 1925. 

31924 Book of A.S.T.M. Standards. 4 See p. 501. 5 See p. 499. 
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TENTATIVE SPECIFICATIONS 
FOR 
ASPHALT CEMENT, 100 TO 120 PENETRATION, FOR USE 
IN ASPHALT-MACADAM PAVEMENTS.! 


Serial Designation: D 103-24 T. 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. 

ISSUED, 1921; REVISED, 1922, 1923, 1924. 
1. The asphalt cement shall be homogeneous and free from water. 

It shall conform to the following requirements: 

(a) Penetration at 25° C. (77° F.), 100 g., 5 sec..... 100 to 120 
(b) Flash point (open-cup)........ not less than 175° C. (347° F.) 
(c): Loss on heating at,163° C. (3255 F.),,.50) 29.9 autsine eae 
ON Te See one are ee "ye ae ae not more than 2 per cent 
Penetration at 25° C. (77° F.), 100 g., 5 sec., of residue after 
heating at 163° C. (325° F.) as compared with penetration 
of asphalt cement before heating. .not less than 60 per cent 


(a) Duactilitviat 2 Gel77a Hidiak tage se not less than 30 cm. 
(e) Proportion of bitumen soluble in carbon tetrachloride..... Eig 
VEG) Mek Seven ts eit = er toe meagre not less than 99 per cent 


Note.—When less than 99 per cent of the asphalt cement is soluble in carbon 
tetrachloride, the percentage of bitumen (solubility in carbon disulfide shall be 
reported. 


2. The properties enumerated in these specifications shall be 
determined in accordance with the following methods of test of the 
American Society for Testing Materials: 


(a) Penetration: Standard Method of Test for Penetration of 
Bituminous Materials (Serial Designation: D 5);? | 

(b) Flash Point: Standard Method of Test for Flash and Fire 
Points by Means of Open Cup (Serial Designation: D 92);? 

(c) Loss on Heating: Standard Method of Test for Loss on Heating 
of Oil and Asphaltic Compounds (Serial Designation: D 6) ;3 

(d) Ductility: Tentative Method of Test for Ductility of Bitu- 
minous Materials (Serial Designation: D 113 — 22 T);4 

(e) Proportion of Bitumen Soluble in Carbon Tetrachloride: Ten- 
tative Method of Test for the Determination of Proportion of Bitumen 
Soluble in Carbon Tetrachloride (Serial Designation: D 165 — 23 T).° 
Ort Concoaer ene Tentative Specifications are solicited and should be directed, preferably before 
January 1, 1926, to Mr. Prévost Hubbard, Secretary of Committee D-4 on Road and Paving Materials 
441 Lexington Ave., New York City. 


2A.8.T.M. Standards Adopted in 1925. 
3 1924 Book of A.S.T.M. Standards. 4 See p. 501. 5 See p. 499. 
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TENTATIVE SPECIFICATIONS 
FOR 
ASPHALT CEMENT, 120 TO 150 PENETRATION, FOR USE 
IN ASPHALT-MACADAM PAVEMENTS:.! 
Serial Designation: D 135-23 T. 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. 


IssUED, 1922; REVISED, 1923. 


1. The asphalt cement shall be homogeneous and free from water. 
It shall conform to the following requirements: 


Properties. 


(a) Penetration at 25° C. (77° F.), 100 g., 5 sec....... 120 to150_ 


(b) Flash point (open cup)...... not less than 175° C. (347° F.) 
Se eroce Onohodtine at loos. (325° Fs), 50¢., 5 Wr. ae ewes 
eRe eG ORAL aed not more than 2 per cent 
Penetration at 25° C. (77° F.), 100 g., 5 sec., of residue after 
heating at 163° C. (325° F.) as compared with penetration 

of asphalt cement before heating. .not less than 60 per cent 

ida Ductility at 25° Co CREE By). ast eieney- wid «mys not less than 30 cm. 
(e) Proportion of bitumen soluble in carbon tetrachloride....... 


Cty oh, erst gt Ee OE Wo OW not less than 99 per cent - 


Note.—When less than 99 per cent of the asphalt cement is soluble in carbon 
tetrachloride, the percentage of bitumen (solubility in carbon disulfide) shall be 
reported. 

2. The properties enumerated in these specifications shall be 
determined in accordance with the following methods of test of the 
American Society for Testing Materials: 


(a) Penetration: Standard Method of Test for Penetration of 
Bituminous Materials (Serial Designation: D 5). 

(b) Flash Point: Standard Method of Test for Flash and Fire 
Points by Means of Open Cup (Serial Designation: D 92). 

(c) Loss on Heating: Standard Method of Test for Loss on 
Heating of Oil and Asphaltic Compounds (Serial Designation: D 6). 

(d) Ductility: Tentative Method of Test for Ductility of 
Bituminous Materials (Serial Designation: D 113 -22 T.).4 

(e) Proportion of Bitumen Soluble in Carbon Tetrachloride: Ten- 
tative Method of Test for the Determination of Proportion of Bitumen 
Soluble in Carbon Tetrachloride (Serial Designation: D 165 - 23 T).® 
Reet criifcictia OF thisse Tentative Specifications are solicited and should be directed, preferably 
before January 1, 1926, to Mr. Prévost Hubbard, Secretary of Committee D-4 on Road and Paving 
Materials, 441 Lexington Ave., New York City. 


2A.S.T.M. Standards Adopted in 1925. 
31924 Book of A.S.T.M. Standards. 4Seep.501. 5 See p.499. 
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Methods of 
Testing. 


TENTATIVE SPECIFICATIONS 
FOR 


HIGH-CARBON TAR FOR SURFACE TREATMENT, COLD 
APPLICATION.! 


Serial Designation: D 104-23 T. 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. 


IssuED, 1921; REVISED, 1923. 


Properties. 1. The tar shall conform to the following requirements? 
(ay Watetts <a: Sees not more than 2.00 per cent 
(b) Specific viscosity, Engler,* 50 cc. at 40° C. (104° F.)..8 to 35 
(c) Distillation test on water-free material: © 
Total Distillate, by weight, 0 to 170° C. 


(O20 Soba Le ote os eaters not more than 7.00 per cent 
Total Distillate, by weight, 0 to 235° C. 
(32500 45 356) ee tee Ft) ieee not more than 20.00 4 
Total Distillate, by weight, 0 to 270° C. 
Te ROP beth Ls Pe Coe A MNS not more than 30.00 oe 
Total Distillate, by weight, 0 to 300° C. 
(32) 00 5 ean) Peers ous sk 3 Crete not more than 35.00 ie 
Residue “pyiweig ht eee at ls. Vr Pee not less than 65.00 “ 
(d) Specific gravity at 25°/25° C. (77°/77° F.) of total distillate 
(0 300% OF (5722 Fe) LP ee ca eat CRP We: not less than 1.01 
(ec) Softening point (Ring-and-Ball Method) of residue from dis- 
tillation testy: RC ene eee ace not more than 60° C. (140° F.) 
(f) Total Bitumen (Soluble in Carbon Disulphide)............. 
COAL GES pe R PA tem eyeda ye Pints a5is arag top one 8 88 to 97 per cent 
Methods of 2. The properties enumerated in these specifications shall be 


Testing. determined in accordance with the following methods of test of the 


American Society for Testing Materials, except as specified in Para- 
graph (0): 


1 Criticisms of these Tentative Specifications are solicited and should be directed, preferably before 
January 1, 1926, to Mr. Prévost Hubbard, Secretary of Committee D-4 on Road and Paving Materials, 
441 Lexington Ave., New York City. 

2 All tests shall be made on the sample as received, including the distillation test, and the results 
reported on a dry basis. 

8 Within the viscosity limits designated a material should be chosen to meet the local conditions 
of temperature, road conditions and climate. It is recommended that materials be called for under 
the following range and headings: Light 8-13, Medium 13-18, Heavy 18-25, Extra Heavy 25-35. 


(464) 


e 


SERIAL DESIGNATION: D 104-23 T 465. 


(a) Percentage of Water: Standard Method of Test for Water in 
Petroleum Products and Other Bituminous Materials (Serial Desig- 
nation: D 95);} 

(b) Specific Viscosity? Method contained in Bulletin No. 691, 
U. S. Department of Agriculture, the instrument being standardized 
by the Bureau of Standards. The results shall be reported as specific 
viscosity compared with water at 25° C. (77° F.). 

(c) Distillation: Standard Method of Test for Distillation of 
Bituminous Materials Suitable for Road Treatment (Serial Designa- 
tion: D 20);! 

(d) Softening Point: Standard Method of Test for Softening 
Point of Bituminous Materials (Ring-and-Ball Method) (Serial Desig- 
nation: D 36); 

(e) Total Bitumen: Tentative Method of Test for the Determina- 
tion of Bitumen (Serial Designation: D 4-23 T).’ 

11924 Book of A.S.T.M. Standards. 
2 The Engler test has not been standardized by the American Society for Testing Materials. 
Committees of the Society have under consideration the Saybolt Furol Apparatus, which may be 


adopted later. 
3 See p. 496. 


Properties. 


Methods of 
Testing. 


TENTATIVE, SPECIFICATIONS 
FOR 


LOW-CARBON TAR FOR SURFACE TREATMENT, COLD 
APPLICATION! 


Serial Designation: D 105-23 T 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. ; 

IssuED, 1921; REVISED, 1923. 


1. The tar shall conform to the following requirements? 

(a) GW a CEL fac eee sls kay on not more than 2.00 per cent 
(b) Specific viscosity, Engler,’ 50 cc. at 40° C. (104° F.)...8 to 35 
(c) Distillation test on water-free material: 


Total Distillate, by weight, 0 to 170° C. 

CSP LOGO Seat) eave ee ss 6,-c'e' gh sarees not more than 5.00 per cent 
Total Distillate, by weight, 0 to 235° C. 

CS 2EO ol t17) eee es esc wea wo oes not more than 20. 00 
Total Distillate, by weight, 0 to 270° C. 

C52 SOT OLS UM sO ete ciainde 6 Co tek Siena not more than 35.00 
Total Distillate, by weight, 0 to 300° C. 

(SO TOMB Lat Went evs ea ca le eres not more than 45.00 
Residue, Dy WeIwite o ay aicle' viacclnly wtp weeieule not less than 55.00 ri 


(d) Softening point (Ring-and-Ball Method) of residue from dis- 
tillationtesteh etal Fmd Yoh not more than 60° C. (140° F.) 
(e) Total Bitumen (Soluble in Carbon Disulfide)............... 
IM reir Mem EIA toe Yds para Mg not less than 95.00 per cent 


2. The properties enumerated in these specifications shall be 
determined in accordance with the following methods of test of the 
American Society for Testing Materials, except as specified in Para- 


graph (0): 


1 Criticisms of these Tentative Specifications are solicited and should be directed, preferably before 
January 1, 1926, to Mr. Prévost Hubbard, Secretary of Committee D-4 on Road and Paving Materials, 
441 Lexington Ave., New York City. 

2 All tests shall be made on the sample as received, including the distillation test, and the results 
reported on a dry basis. 

3 Within the viscosity limits designated a material should be chosen to meet the local conditions 
of temperature, road conditions and climate. It is recommended that materials be called for under 
the following range and headings: Light 8-13, Medium 13-18, Heavy 18-25, Extra Heavy 25-35. 


(466) 


66 


&é 


66 


SERIAL DESIGNATION: D 105-23 T 467 


(a) Percentage of Water: Standard Method of Test for Water in 
Petroleum Products and Other Bituminous Materials (Serial Desig- 
nation: D 95); 

(b) Specific Viscosity:? Method contained in Bulletin No. 691, 
U. S. Department of Agriculture, the instrument being standardized 
by the Bureau of Standards. ‘The results shall be reported as specific 
viscosity compared with water at 25° C. (77° F.). 

(c) Distillation: Standard Method of Test for Distillation of 
Bituminous Materials Suitable for Road Treatment (Serial Desig- 
nation: D 20);1 

(d) Softening Point: Standard Method of Test for Softening Point 
of Bituminous Materials (Ring-and-Ball Method) (Serial Designation: 
D 36); 

(e) Total Bitumen: Tentative Method of Test for the Determina- 
tion of Bitumen (Serial Designation: D 4-23 T).? 

11924 Book of A.S.T.M. Standards. 
2The Engler test has not been standardized by the American Society tor Testing Materials. 
Committees of the Society have under consideration the Saybolt Furol apparatus, which may «be 


adopted later. 
3 See p. 496. 


TENTATIVE SPECIFICATIONS 
FOR 


HIGH-CARBON TAR CEMENT FOR USE COLD IN REPAIR 
WORK (CUT-BACK PRODUCT).! 


Serial Designation: D 106-25 T. 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. 


IssuED, 1921; REVISED, 1923, 1925. 


Properties 1. The tar cement sh2ll conform to the following requirements: 


(a) Watersei eee ek ee not more than 2.00 per cent 
(b) Specific viscosity, Engler,? 50 cc. at 40° C. (104° F.). .35 to 80 
(c) Distillation test on water-free material: 


Total Distillate, by weight, 0 to 170° C. 

(32500 SSB ta) eae e we aie + oe eee 2.00 to 8.00 per cent 
Total Distillate, by weight, 0 to 235° C. 

(32 tol4559 a cs oe. ee 8.00 to 20.00“ 
Total Distillate, by weight, 0 to 270° C. 

(52 LOSE SER Symi Geel eds’ « e'co a uae otee 18.00 to 30.00 fe 
Total Distillate, by weight, 0 to 300° C. 

EPL oped? ain) ny. cM ane Sr eT not more than 35. 00 . 
Residue, Dy Weights 72. f..s'e e's eae eee not less than. 65.00 B 


(d) Softening point (Ring-and-Ball Method) of residue from dis- 
tila tion testye wie ei en eae ve not more than 65° C. (149° F.) 
(e) Total Bitumen (Soluble in Carbon Disulfide)!.............. 
EROS OE AEM, OO RAr ota tel hs 05. Bela gM NEN 78 to 95 per cent 


Methods of 2. The properties enumerated in these specifications shall be . 
Testing. determined in accordance with the following methods of test of the 
American Society for Testing Materials, except as specified in Para- 


graph (0): 


1 Criticisms of these Tentative Specifications are solicited and should be directed, preferably before 
January 1, 1926, to Mr. Prévost Hubbard, Secretary of sete an) D-4 on Road and Paving Materials, 
441 Lexington Ave., New York City. 

2 All tests shall be made on the sample as received, including the distillation test, and the results 
reported on a dry basis. ‘ 

It is recommended that materials be called for under the following range and headings: Light 
35 to 60, Heavy 60 to 80. The heavy material may require heating before use and care should be 
taken to avoid foaming on account of the possible water content. 

4 The specification range for total bitumen covers a wide variety of materials. If products from 
vertical retort or low-carbon coke-oven tars are desired, a range of 88 to 95 per cent should be specified. 
If high-carbon coke-oven or mixtures of coke-oven and gas-house tars are desired, a range of 78 to 88 
per cent should be specified. 


(468) 


SERIAL DESIGNATION: D 106-25 T 469 


(a) Percentage of Water: Standard Method of Test for Water in 
Petroleum Products and Other Bituminous Materials (Serial Designa- 
tion: D 95);! 

(b) Specific Viscosity:2 Method contained in Bulletin No. 691, 
U. S. Department of Agriculture, the instrument being standardized 
by the Bureau of Standards. The results shall be reported as specific 
viscosity compared with water at 25° C. (77° F.). 

(c) Distillation: Standard Method of Test for Distillation of 
Bituminous Materials Suitable for Road Treatment (Serial Desig- 
nation: D 20);} 

(d) Softening Point: Standard Method of Test for Softening 
Point of Bituminous Materials (Ring-and-Ball Method) (Serial Desig- 
nation: D 36);} 

(e) Total Bitumen: Tentative Method of Test for the Determina- 
tion of Bitumen (Serial Designation: D 4 — 23 T).' 


11924 Book of A.S.T.M. Standards. 

2 The Engler test has not been standardized by the American Society for Testing Materials. 
Committees of the Society have under consideration the Saybolt Furol apparatus, which may be 
adopted later. 

3 See p. 496. 


TENTATIVE SPECIFICATIONS 
FOR 


LOW-CARBON TAR CEMENT FOR USE COLD IN REPAIR 
WORK (CUT-BACK PRODUCT)! 


Serial Designation: D 107-23 T. 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. 


ISSUED, 1921; REVISED, 1923. 


Properties. 1. The tar cement shall conform to the following requirements? 


(A) S Weer. prema en. .. ...not more than 2.00 per cent 
(b) Specific viscosity, Engler,?50 cc. at 40° C. (104° F.). .35 to 80 | 
(c) Distillation test on water-free material: 


Total Distillate, by weight, 0 to 170° C. 


G85 deni hey Ln.) Wh A eR TP 3.00 to 10.00 per cent. 
Total Distillate, by weight, 0 to 235° C. 

(SZC OSS ae Een emia eel a a6 cet ee 8.00 to 20.00 a. 
Total Distillate, by weight, 0 to 270° C. 

(S2bONO ES aa Bed Gaicetiere is och ees 18.00 to 30.00 oH 
Total Distillate, by weight, 0 to 300° C. 

(Be LORog vant Nik ects y a os Ning not more than 38.00 fe 
Residueehy wWeIgntre ysis sete y eee not less than 62.00 


(d) Softening point (Ring-and-Ball Method) of residue from dis- 


CULATION testy toc ene tear iol At not more than 65° C. (149° F.) 

(ec) Total Bitumen (Soluble in Carbon Disulfide).............. 

isan fa RMR ELI eco 4 del ea not less than 95 per cent 

Methods of 2. The properties enumerated in these specifications shall be 
Testing. 


determined in accordance with the following methods of test of the 
American Society for Testing Materials, except as specified in Para- 


graph (0): 


1 Criticisms of these Tentative Specifications are solicited and should be directed, preferably before 
January 1, 1926, to Mr, Prévost Hubbard, Secretary of Committee D-4 on Road and Paving Materials, 
441 Lexington Ave., New York City. 

2 Ali tests shall be made on the sample as received, including the distillation test, and the results 
reported on a dry basis. 

’It is recommended that materials be called for under the following range and headings: Light 
35 to 60, Heavy 60 to 80. The heavy material may require heating before use and care should be taken 
to avoid foaming on account of the possible water content. 


(470) 


SERIAL DESIGNATION: D 107-23 T 471 


(a) Percentage of Water: Standard Method of Test for Water in 
Petroleum Products and Other Bituminous Materials (Serial Desig- 
nation: D 95);! 

(b) Specific Viscosity:? Method contained in Bulletin No. 691, 
U.S. Department of Agriculture, the instrument being standardized 
by the Bureau of Standards. ‘The results shall be reported as specific 
viscosity compared with water at 25° C. (77° F.). 

(c) Distillation: Standard Method of Test for Distillation of 
Bituminous Materials Suitable for Road Treatment (Serial Desig- 
nation: D 20);! 

(d) Softening Point: Standard Method of Test for Softening 
Point of Bituminous Materials (Ring-and-Ball Method) (Serial Desig- 
nation: D 36);! | 

(e) Total Bitumen: Tentative Method of Test for the Determina- 
tion of Bitumen (Serial Designation: D 4 —- 23 T).$ 

11924 Book of A.S.T.M. Standards. 
2The Engler test has not been standardized by the American Society for Testing Materials. 
Committees of the Society have under consideration the Saybolt Furol apparatus, which may be 


adopted later. 
3 See p. 496. 


TENTATIVE SPECIFICATIONS 
FOR 
HIGH-CARBON TAR FOR SURFACE TREATMENT, HOT 
APPLICATION.! 


Serial Designation: D 108-23 T. 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. 


ISSUED, 1921; REVISED, 1923. 


Properties 1. The tar shall conform to the following requirements? 
(a). Water (028. 008, hE RR eee ee 0.00 per cent 
(b)’ Float test at 32° €.(89.6° F:) totgnge e aT eee: 60 to 150 sec. 


(c) Distillation test: 


Total Distillate, by weight, 0 to 170° C. 


COZ OLS SSaeis) ks. Sen dante len ete not more than 1.00 per cent 
Total Distillate, by weight, 0 to 235° C, 

(32 S016 5 Sah eh ss Dee en eee not more than 10.00 s 
Total Distillate, by weight, 0 to 270° C. 

GIA Coir Mt Boo 00 2 BU Ran og Ae Bg er not more than 15.00 * 
Total Distillate, by weight, 0 to 300° C. 

CSD AES PPE Re io aay, Bie not more than 25.00 - 
Residues by weigut. 2) o. os. ss a sete eee not less than 75.00 i 


(d) Specific gravity at 25° C. (77° F.) of total distillate to 300° 
Ce 725 ce ee ei keer aha wit? « 5.) A Ae not less than 1.03 
(e) Softening point (Ring-and-Ball Method) of residue from 
distillation testament e.g etek te ty not more than 65° C. (149° F.) 
(f) Total Bitumen (Soluble in Carbon Disulfide)?.............. 
Silas wRcigee are ee et cbal Bip a's 3." ,/< vu ial ROS oe ates eee 78 to 95 per cent 


rae os 2. The properties enumerated in these specifications shall be de- 
’ termined in accordance with the following methods of test of the 
American Society for Testing Materials: 


1 Criticisms of these Tentative Specifications are solicited and should be directed, preferably before 
January 1, 1926, to Mr. Prévost Hubbard, Secretary of Committee D-4 on Road and Paving Materials, 
441 Lexington Ave., New York City, : 

2 All tests shall be made on the sample as received, including the distillation test, and the results 
reported on a dry basis. 

3 The specification range for total bitumen covers a wide variety of materials. If products from 
vertical retort or low-carbon coke-oven tars are desired, a range of 88 to 95 per cent should be specified. 
If high-carbon coke-oven or mixtures of coke-oven and gas-house tars are desired, a range of 78 to 
88 per cent should be specified. 

(472) 


SERIAL» DESIGNATION: D 108 — 23 T 473 


(a) Percentage of Water: Standard Method of Test for Water in 
Petroleum Products and Other Bituminous Materials (Serial Designa- 
tion: D 95);! | 

(b) Distillation: Standard Method of Test for Distillation of 
Bituminous Materials Suitable for Road Treatment (Serial Designa- 
tion: D 20);! 

(c) Softening Point: Standard Method of Test for Softening 
Point of Bituminous Materials (Ring-and-Ball Method) (Serial Desig- 
nation: D 36);} 

(d) Float Test: Tentative Method of Float Test for Bituminous 
Materials (Serial Designation: D 139-25 T); | 

(e) Total Bitumen: Tentative Method of Test for the Determina- 
tion of Bitumen (Serial Designation: D 4-23 T). 

11924 Book of A.S.T.M. Standards. 


2See p. 503. 
*See p. 496. 


TENTATIVE SPECIFICATIONS 
FOR 


LOW-CARBON TAR FOR SURFACE TREATMENT, HOT 
APPLICATION.! 


Serial Designation: D 109-23 T. 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. 


IssSUED, 1921; REVISED, 1923. 


Properties. 1. The tar shall conform to the following requirements:? 
(a)" Water Spe eee ee a), a 0.00 per cent 
(O)Floattestavgeaw., (89.6. F.). 7 eee oe 60 to 150 sec. 


(c) Distillation test: 
Total Distillate, by weight, 0 to 170° C. 


(32 BOSOM CURD AE (ekg oo! «ai dan Ra not more than 1.00 per cent 
Total Distillate, by weight, 0 to 235° C. 

CODES See RES. 1 cole so, Suge Gammel not more than 4.00 oy 
Total Distillate, by weight, 0 to 270° C. ! 

CS ZiROUS Lee Ween ie a's, 4's ,¥ laseceateeeas not more than 13.00 . 
Total Distillate, by weight, 0 to 300° C. 

EPR OVI OO AS ee as 7 2 not more than 26.00 4 
Reside Ai y Werle dn cidowos « «ss clkben ies not less than 74.00 by 


(d) Softening point (Ring-and-Ball Method) of residue from dis- 
LUlstion Testy wre wine ey et not more than 65° C. (149° F.) 


(e) Total Bitumen (Soluble in Carbon Disulfide)............... 
Pa LRT aCe STs. Saleen paneer Tabi not less than 95 per cent 


Methods of 2. The properties enumerated in these specifications shall be 
Testing» determined in accordance with the following methods of test of the 
American Society for Testing Materials: 
(a) Percentage of Water: Standard Method of Test for Water in 
Petroleum Products and Other Bituminous Materials (Serial Desig- 
nation: D 95);3 


1 Criticisms of these Tentative Specifications are solicited and should be directed, preferably before 
January 1, 1926, to Mr, Prévost Hubbard, Secretary of Committee D-4 on Road and Paving Materials, 
441 Lexington Ave., New York City. 

2 All tests shall be made on the sample as received, including the distillation test, and the results 
reported on a dry basis. 

31924 Book of A.S.T.M. Standards. 


(474) 


SERIAL DESIGNATION: D 109-23 T 475 


(b) Distillation: Standard Method of Test for Distillation of 
Bituminous Materials Suitable for Road Treatment (Serial Desig- 
nation: D 20);? 

(c) Softening Point: Standard Method of Test for Softening 
Point of Bituminous Materials (Ring-and-Ball Method) (Serial 
Designation: D 36);! 

(d) Float Test: Tentative Method of Float Test for Bituminous 
Materials (Serial Designation: D 139 —- 25 T);? 

(e) Total Bitumen: Tentative Method of Test for the Determina- 
tion of Bitumen (Serial Designation: D 4-23 T).3 

11924 Book of A.S.T.M. Standards. 


2See p. 503. 
8See p. 496. 


TENTATIVE SPECIFICATIONS 
FOR 
HIGH-CARBON TAR CEMENT.! 


Serial Designation: D 110-25 T. 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. 


ISSUED, 1921; REVISED, 1923, 1925. 


Scope. 1. These specifications cover material suitable for use in the con- 
struction of tar macadam and tar concrete pavements. 

Properties. 2. The tar cement shall conform to the following requirements :? 

(a) Waterivwn ane: eee Jase « inte ls eae 0.00 per cent 

(b) Softening point? (Ring-and-Ball Method). ................ 

Jae ae Ome arame eee Tel 2h, he 30 to 40° C. (86 to 104° F.)4 


(c) Distillation test: 
Total Distillate, by weight, 0 to 170° C. 


(32 C15 OS Mla Avera e's fens! bis Lid ouonenePne not more than 1.00 per cent 
Total Distillate, by weight, 0 to 270° C. 

CS 2300651 Bae) Bee so) ike 'orals We ware art not more than 10.00 . 
Total Distillate, by weight, 0 to 300° C. 

(32ND 72 rA Rees os SY. ee eee not more than 20.00 " 
Residue, by ‘weight2.4 64.) ni 6 ee ee not less than 80.00 “ 


(d) Specific gravity at 25°/25° C. (77°/77° F.) of total distillate 


LOG OO Fre Tee eH) ec a sun ina ae not less than 1.03 
(e) Softening point (Ring-and-Ball Method) of residue from dis- 


tillatiomitestene pew eer ss mane not more than 65° C. (149° F.) 


1 Criticisms of these Tentative Specifications are solicited and should be directed, preferably. before 
January 1, 1926, to Mr. Prévost Hubbard, Secretary of Committee D-4 on Road and Paving Materials, 
441 Lexington Ave., New York City. 

2 All tests shall be made on the sample as received, including the distillation test, and the results 
reported on a dry basis. 

3 If desired, a float test may be substituted for the softening point test, in which case the require- 
ments shall be as follows: Float Test at 50° C. (122° F.), 100 to 220 sec. 

4 The specification range for softening point, within the above limits, should be 5° C. for any given 
locality, for example, 30 to 35° C. for cold climates, equivalent to a float test at 50° C. of 100 to 160 
sec.; 35 to 40° C. for warm climates, equivalent to a float test at 50° C. of 160 to 220 sec. 


(476) 


SERIAL DESIGNATION: D 110-25 T 477 


(f) Total Bitumen (Soluble in Carbon Disulfide)!............. 
bh ae NE Se eh lbs + 4 eR OO RD Sc 78 to 95 per cent 


3. The properties enumerated in these specifications shall be 
determined in accordance with the following methods of test of the 
American Society for Testing Materials: 

(a) Percentage of Water: Standard Method of Test for Water in 
Petroleum Products and Other es Materials (Serial Desig- 
nation: D 95);? 

(6) Distillation: Standard Method $ Test for Distillation of 
Bituminous Materials Suitable for Road Treatment (Serial Desig- 
nation: D 20;? 

(c) Softening Point:, Standard Method of Tests for Softening 
Point of Bituminous Materials (Ring-and-Ball Method) (Serial Desig- 
nation: D 36); 

(d) Float Test: Tentative Method of Float Test for Bituminous 
Materials (Serial Designation: D 139-25 T);3 

(e) Total Bitumen: Tentative Method of Test for the Determina- 
tion of Bitumen (Serial Designation: D 4-23 T).! 

1 The specification range for total bitumen covers a wide variety of materials. If products from 
vertical retort or low-carbon coke-oven tars are desired, a range of 88 to 95 per cent should be specified. 
If high-carbon coke-oven or mixtures of coke-oven and gas-house tars are desired, a range of 78 to 
88 per cent should be specified. 

21924 Book of A.S.T.M. Standards. 


3 See p. 503. 
‘See p. 496 


Methods of 
Testing. 


TENTATIVE SPECIFICATIONS 
FOR 
LOW-CARBON TAR CEMENT! 


Serial Designation: D 111-23 T 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. 


IssUED, 1921; REVISED, 1923. 


Scope. 1. These specifications cover material suitable for use in the con- 
struction of tar macadam and tar concrete pavements. 

Properties. 2. The tar cement shall conform to the following requirements:? 

Cd): WELET ee ee ee ee 0.00 per cent 

(6) Softening point? (Ring-and-Ball Method).................. 

CAs Lone ec eay. See, | a) Cee ae 30 to 40° C. (86 to 104° F.)4 


(c) Distillation test: 


Total Distillate, by weight, 0 to 170° C. 

CS ZOND OME oie ic a ain’: + ie ote Mee not more than 1.00 per cent 
Total Distillate, by weight, 0 to 235° C. 

(SPO MO SUMB esc cx S's. 2 sic scltoeeen not more than 2.00 jp 
Total Distillate, by weight, 0 to 270° C. 

(20ST Or aaa ete sa kg ete eee not more than 10.00 
Total Distillate, by weight, 0 to 300° C. 

(SZ WO 72 LO ore ale Oe ey ae not more than 20.00 “ 
Residue? by “weightes isc. es's AGN Ea not less than 80.00 “ 


(d) Softening point (Ring-and-Ball Method) of residue from dis- 
tillation teste wer ee uciiwe le aes sess not more than 65° C. (149° F.) 
(e) Total Bitumen (Soluble in Carbon Disulfide).............. 


MONG ARE hg, 3 So ee an eo not less than 95 per cent 


Methods of 3. The properties enumerated in these specifications shall be 
Testing. determined in accordance with the following methods of test of the 
American Society for Testing Materials: 


1 Criticisms of these Tentative Specifications are solicited and should be directed, preferably before 
January 1, 1926, to Mr. Prévost Hubbard, Secretary of Committee D-4 on Road and Paving Materials, 
441 Lexington Ave., New York City. : 

2 All tests shall be made on the sample as received, including the distillation test, and the results 
reported on a dry basis. 

3 If desired, a float test may be substituted for the softening point test, in which case the require- 
ments shall be as follows: Float Test at 50° C. (122° F.), 100 to 220 sec. 

4 The specification range for softening point, within the above limits, should be 5° C. for any given 
locality, for example, 30 to 35° C. for cold climates, equivalent to a float test at 50° C. of 100 to 160 
sec.; 35 to 40° C. for warm climates, equivalent to a float test at 50° C. of 160 to 220 sec. 


(478) 


SERIAL DESIGNATION: D 111-23 T 479 


(a) Percentage of Water: Standard Method of Test for Water in 
Petroleum Products and Other Bituminous Materials (Serial Desig- 
nation: D 95);! 

(b) Distillation: Standard Method of Test for Distillation of 
Bituminous Materials Suitable for Road Treatment (Serial Desig- 
nation: D 20);! 

(c) Softening Point: Standard Method of Test for Softening 
Point of Bituminous Materials (Ring-and-Ball Method) (Serial Desig- 
nation: D 36);! 

(d) Float Test: Tentative Method of Float Test for Bituminous 
Materials (Serial Designation: D 139-25 T);? 

(e) Total Bitumen: Tentative Method of Test for the Determina- 
tion of Bitumen (Serial Designation: D 4-23 T).3 

11924 Book of A.S.T.M. Standards. : 


2 See p. 503. 
3 See p. 496. 


TENTATIVE SPECIFICATIONS 
FOR 


COAL-TAR PITCH FOR STONE BLOCK FILLER! 


Serial Designation: D 112-23 T 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. 


ISSUED, 1921; REVISED, 1922, 1923. 


Properties. 1. The coal-tar pitch shall conform to the following requirements: 
(a) Watersxnniet eine...) a, ee 0.00 per cent 
(b) Softening point? (Cube-in-Water Method)................. 
OER ee... ig ORR 46 to 57° Cl (115 to 135° F.) 
(c) Distillation test: 


Total Distillate, by weight, 0 to 300° C. 


SEU TO sata) OU ss. ss cere not more than 10.00 per cent. 

Residue by wweient.'. 5. 6. 6s ei ese eee not less than 90.00 
(d) Specific gravity at 25°/25° C. (77°/77° F.) of total distillate 
to:300° GINS 725 Aie) we TS eee eee not less than 1.03 
(e) Softening point (Cube-in-Water Method) of residue from 
distillation teste wees y...: {...not more than 75> C.(167- Fi) 
(f) Ductility at 50 to 100 penetration, at 25° C. (77° F.)....... 
RS Andy Pica 8 AR RI Me sears a SS not less than 50 cm. 


Note.—The penetration of the pitch shall be brought within the range of 50 
to 100 penetration by heating in an open vessel with frequent stirrings at a tempera- 
ture of not over 350° F. 


(g) Total Bitumen (Soluble in Carbon Disulfide)................ 
SB raped aN Soy ik 4 i a ra gt Oe 65.00 to 80.00 per cent. 


1 Criticisms of these Tentative Specifications are solicited and should be directed, preferably before 
January 1, 1926, to Mr, Prévost Hubbard, Secretary of Committee D-4 on Road and Paving Materials, 
441 Lexington Ave., New York City. 

2 All tests shall be made on the sample as received, including the distillation test, and the results 
reported on a dry basis. 

3 The Softening Point (Cube-in-Water Method) specified should have a range of not over 10° F. 
within the above limits. The range, within the limits of 115 to 135° F. should vary with the use of 
the material, for example, if used in admixture with sand, in a northern locality or a southern 
locality. The softening point range, within the above limits, should also vary according to the character 
of the paving. 
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2. The properties enumerated in these specifications shall be 
determined in accordance with the following methods of test of the 
American Society for Testing Materials: 

(a) Percentage of Water: Standard Method of Test for Water in 
Petroleum Products and Other Bituminous Materials (Serial Desig- 
nation: D 95);! 

(b) Distillation: Standard Method of Test for Distillation of 
Bituminous Materials Suitable for Road Treatment (Serial Desig- 
nation: D 20); 

(c) Softening Point: Standard Method of Test for Softening 
Point of Tar Products (Cube-in-Water Method) (Serial Desig- 
nation: D 61);! 

(d) Ductility: Tentative Method of Test for Ductility of Bitu- 
minous Materials (Serial Designation: D 113 — 22 T); 

(e) Total Bitumen: Tentative Method of Test for the Determina- 
tion of Bitumen (Serial Designation: D 4-23 T). 

11924 Book of A.S.T.M. Standards. 


2 See p. SOT. 
3 See p. 496. 
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Definition. 


Apparatus. 


Procedure. 


TENTATIVE METHOD OF TEST 
FOR 


SPECIFIC GRAVITY OF ROAD OILS, ROAD TARS, 
ASPHALT CEMENTS AND SOFT TAR PITCHES! 


Serial Designation: D 70-20 T 


This is a Tentative Standard only, published for the purpose of eliciting 
criticism and suggestions. It is not a Standard of the Society and until its 
adoption as Standard it is subject to revision. 


IssuED, 1920. 


1. The specific gravity of road oils, road tars, asphalt 
cements and soft tar pitches shall be expressed as the ratio of 
the weight of a given volume of the material at 25° C. (77° F.) 
to that of an equal volume of water at the same temperature and 
shall be expressed thus: 


Specie pravity 25°/25° CAW7 477 eae 


2. The determination of specific gravity shall be made with 
a pyknometer or weighing bottle (Fig. 1), which shall consist of 
a straight-walled glass tube approximately 70 mm. long and 
22 mm. in diameter, carefully ground to receive an accurately 
fitting solid glass stopper with a hole of 1.5 to 1.7-mm. bore in 
place of the usual capillary opening. ‘The lower part of the 
stopper is made concave in order to allow all air bubbles to 
escape through the bore. ‘The depth of the cup-shape depres- 
sion shall be about 4.8 mm. at the center. ‘The stoppered tube 
should have a capacity of about 24 cc. and when empty should 
weigh not over 35 g. 

3. Before making a determination, the pyknometer with 
stopper shall first be calibrated by weighing it clean and dry 


upon an analytical balance. This weight is called “a.” It 


shall then be filled with freshly boiled distilled water at a tem- 
perature of 25° C. (77° F.), the stopper firmly inserted, all 
1 Criticisms of this Tentative Method are solicited and should be directed, preferably before 


January 1, 1926, to Mr. Prévost Hubbard, Secretary of Committee D-4 on Road and Paving 
Materials, 441 Lexington Ave., New York City. _ 
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surplus moisture wiped from the surface with a clean dry cloth 
and again weighed. ‘This weight is called ‘‘d.” 

4. When determining the specific gravity of road oils or 
road tars which flow readily, the material shall be brought to a 
temperature of 25° C. (77° F.) and poured into the pyknometer 
until it is full, with care to prevent the inclusion of air bubbles. 
The stopper is then firmly inserted and all excess of material 
forced through the opening is carefully removed 
with a clean dry cloth. The pyknometer and prays 
contents are then weighed and this weight is 
called “‘c.”’ The specific gravity of the material 3 
shall be calculated from the formula: — 


Specific Gravity = Biches 


o 
| 
e 


5. When determining the specific gravity of 
tar and asphalt products which are too viscous 
for the method described in Section 4, a small 
amount of the material shall be brought to a fluid 
condition by the gentle application of heat, care 


being exercised to prevent loss by evaporation. Fic. UR 
When sufficiently fluid, enough is poured into the “CuC "°° 
Weighing 


clean dry pyknometer to about half fillit. Precau- _— Bottle. 
tions shall be taken to keep the material from 

touching the sides of the tube above the final level and to prevent 
the inclusion of air bubbles. The tube should be slightly warmed 
.before filling. ‘The pyknometer and contents are then cooled to 
room temperature and weighed with the stopper. ‘This weight 
is called “c.”? The pyknometer is next removed from the 
balance, filled with freshly boiled distilled water, and the stopper 
firmly inserted. It is then completely immersed for not less 
than 30 minutes in a beaker of distilled water maintained at 
25° C. (77° F.) after which it is removed, and all surplus water is 
wiped off with a clean cloth. It is immediately weighed. This 
weight is called “d.” The specific gravity of the material shall 
be calculated from the formula: 


Pas c—a 
Specific Gravity = nye (dB) EES (de) 

6. When making the specific gravity determination it is Precautions. 
important that: 


Accuracy. 
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(a) Only freshly boiled distilled water shall be used. 

(b) When weighing the pyknometer completely filled, the 
temperature of its contents shall be within 1° C. (1.8° F.) of 
25 OCA GHTRITE. 

(c) Precautions shall be taken to prevent expansion and 
overflow of the contents from the heat of the hand when wiping 
the surface of the pyknometer. 

(d) The presence of all air bubbles shall be eliminated in 
filling the pyknometer and inserting the stopper. 

(e) Weighings shall be made quickly after filling the 
pyknometer and shall be accurate to 1 mg. A number of trial 
fillings and catch weights may be necessary to obtain the desired 
degree of accuracy. 

(f) To prevent breakage of the pyknometer when cleaning 
it out after a determination has been made upon a very viscous 
or semi-solid material, it will be found advisable to warm it in 
an oven at not over 100° C. until most of the material may be 
poured out and then to swab it with a piece of soft cloth or cotton 
waste. When cool it may be finally rinsed with carbon disulfide, 
benzol or other solvent and wiped clean. 

7. The limit of accuracy of the test is +0.005 specific 
eravity. 


TENTATIVE METHOD OF TEST 
FOR 
SPECIFIC GRAVITY OF ASPHALTS AND TAR 
PITCHES SUFFICIENTLY SOLID TO BE 
HANDLED IN FRAGMENTS.! 


Serial Designation: D 71-20 T. 


This is a Tentative Standard only, published for the purpose of eliciting 
criticism and suggestions. It is not a Standard of the Society and until its 
adoption as Standard it is subject to revision. 


IssuED, 1920. 


1. The specific gravity of asphalts and tar pitches shall be 
expressed as the ratio of the weight of a given volume of the 
material at 25° C. (77° F.) to that of an equal volume of water 
at the same temperature and shall be expressed thus: 


Specific Gravity 25°/25° C. (77°/77° F.). 


2. The determination of specific gravity shall be made with 
an analytical balance equipped with a pan straddle or other 
stationary support (Fig. 1). 

3. The test specimen shall be a cube of the material measur- 
ing approximately 4 in. to the edge. It shall be prepared by 
melting a small sample of the material by the gentle application 
of heat, care being exercised to prevent loss by evaporation, and 
pouring when sufficiently fluid into a $-in. brass cubical mold, 
which has been amalgamated with mercury and which is placed 
on an amalgamated brass plate. Precautions should be taken 
to prevent the inclusion of air bubbles. The hot material 
should slightly more than fill the mold and when cool the excess 
may be cut off with a hot spatula. The specimen shall be 
removed from the mold when cooled to room temperature. 

4. The balance shall first be tared with a piece of fine waxed 
silk thread sufficiently long to reach from the hook on one of 
the pan supports to the straddle or rest. ‘The test specimen 

1 Criticisms of this Tentative Method are solicited and should be directed, preferably before 


January 1, 1926, to Mr. Prévost Hubbard, Secretary of Committee D-4 on Road and Paving 
Materials, 441 Lexington Ave., New York City. 
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486 SPECIFIC GRAVITY OF ASPHALTS AND TAR PITCHES 


shall then be attached to the thread, so as to be suspended 
about 1 in. above the straddle from the hook on the pan support, 
and weighed. ‘This weight is called ‘“‘a’’ and shall be accurate 
to 0.1 mg. The specimen, still suspended by the thread, shall — 
then be weighed completely immersed in freshly boiled distilled 
water at 25° C. (77° F.) =1° C. (1.8° F.), adhering air bubbles 


a 


rep ia 


Fic, 1.—Analytical Balance Equipped with Pan Straddle. 


being first removed with a fine wire. This weight is called 
‘“‘b”’ and shall also be accurate to 0.1 mg. 

The specific gravity of the material shall be calculated from 
the formula: : 


a 
Specific Gravity = —— 
Bertie (or avily os ia 


Accuracy. 5. The limit of accuracy of the test is 0.005 specific 
gravity. 


TENTATIVE METHOD OF TEST 
FOR 


QUANTITY OF CLAY IN SAND-CLAY, TOPSOIL AND 
._ SEMI-GRAVEL FOR HIGHWAY CONSTRUCTION.! 


Serial Designation: D 73 - 20 T. 
This is a Tentative Standard only, published for the purpose of eliciting 


criticism and suggestions. It is not a Standard of the Society and until its 
adoption as Standard it is subject to revision. 


IssuED, 1920. 


1. This test covers the determination of the quantity of 
clay in that portion of sand-clay, topsoil and semi-gravel for 
highway construction which passes a 10-mesh sieve.? 

2. Five hundred grams of material shall be dried to con- 
stant weight at a temperature below 176°.6 C. (350° F.). The 
material shall be gently pulverized to break down soft clods or 
masses, but not to grind or break hard material. It shall be 
passed through a 10-mesh sieve and the coarse residue weighed 
and recorded as “coarse material.”’ The material passing the 
10-mesh sieve shall be used as a starting point of a percentage 
analysis as follows: 

3. Two samples of 50.g. of this material shall be weighed 
out for duplicate analysis. Each shall be placed in a tared wide- 
mouth bottle (5 to 6 cm. in diameter and 12 to 15 cm. high). 
Five cubic centimeters of dilute ammonia water and about 
200 cc. of water shall be added. ‘The bottle shall be closed with 
a cork or glass stopper and shaken vigorously for 20 minutes. 
The sample shall be allowed to settle 8 minutes and decanted 
carefully, or the supernatant liquid siphoned off to a depth of 
8 cm. below the surface of the liquid. (The depth of the liquid 
in the bottle should be sufficient to leave about 4 cm. below the 
point of siphoning.) The bottle shall again be filled with water, 

1 Criticisms of this Tentative Method are solicited and should be directed, preferably before 


January 1, 1926, to Mr. Prévost Hubbard, Secretary of Committee D-4 on Road and Paving 
Materials, 441 Lexington Ave., New York City. 

2For specifications for this sieve, see the Standard Method of Mechanical Analysis 
of Sand or Other Fine Highway Material, except Fine Aggregates Used in Cement Concrete 
Serial Designation: D 7), 1924 Book of A.S.T.M. Standards. 
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488 TEST FOR QUANTITY OF CLAY IN SAND-CLAY 


shaken for 3 minutes, allowed to settle and siphoned off as 
before. This process shall be repeated until the supernatent 
liquid is clear. Care should be taken to wash the stopper and 
neck of the bottle free from coarse material before decanting. 
The bottle and washed material shall be dried to constant weight 
at a temperature between 100 and 110° C. (212 to 230° F.), 
weighed, and the net weight of washed material determined. 

4. The percentage of clay shall be calculated from the 
formula: 


Original weight — weight after washing 


Percentage of Clay = x 100. 


Original weight 
5. As a check the washings drawn off shall be collected and 
evaporated to dryness for direct recovery of the fine sediment 
classed as clay: 


Weight of residue 


Percentage of Clay = xX 100. 


Original weight 
6. The determinations of percentage of clay on the two 
samples shall check within +1 percentage of clay to be 
acceptable. 


TENTATIVE METHOD OF DECANTATION TEST 
FOR 
SAND AND OTHER FINE AGGREGATES.! 


Serial Designation: D 136-22 T. 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. 

ISSUED, 1922. 


1. This method of test covers the determination of the total 
quantity of silt, loam, clay, etc., in sand and other fine aggregates.’ 

2. The pan or vessel to be used in the determination shall be 
approximately 9 in. (230 mm.) in diameter and not less than 4 in. 
(102 mm.) in depth. 

3. The sample must contain sufficient moisture to prevent seg- 
regation and shall be thoroughly mixed. A representative portion of 
the sample sufficient to yield approximately 500 g. of dried material, 
shali then be dried to a constant weight at a temperature not exceeding 
Esau (230° (E-): | 

4. The dried material shall be placed in the pan and sufficient 
water added to cover the sample (about 225 cc.). The contents of 
the pan shall be agitated vigorously for 15 seconds, and then be allowed 
to settle for 15 seconds, after which the water shall be poured off, 
care being taken not to pour off any sand. ‘This operation shall be 
repeated until the wash water is clear. As a precaution, the wash 
water shall be poured through a 200-mesh sieve and any material 
retained thereon returned to the washed sample. The washed sand 
shall be dried to a constant weight at a temperature not exceeding 
110° C. (230° F.) and weighed. 

5. The results shall be calculated from the formula: 


Original dry weight — weight after washing 


Percentage of silt, clay, loam, etc. = X 100 


Original dry weight. 


6. When check determinations are desired, the wash water shall 
be evaporated to dryness, the residue weighed, and the percentage 


calculated from the formula: 


: Weight of residue 
Percentage of silt, loam, clay, etc. =——_—_-—_—_—_____ X 10 
Original dry weight 

1Criticisms of this Tentative Method are solicited, and should be directed to Mr. Prévost 
Hubbard, Secretary of Committee D-4 on Road and Paving Materials, 441 Lexington Ave., New 
York City. 

*This determination of the percentage of silt, clay, loam, etc., will include all water-soluble 
material present, the percentage of which may be determined separately if desired. 


(489) 


Scope. 


Apparatus. 


Treatment 
of Sample. 


Procedure. 


Calculation 
of Results. - 


Check 
Determina- 
tion. 


Scope. 


Treatment of 
Sample. 


Apparatus. 


Procedure 
when Deter- 
mination of 
Suspension 
Clay is Re- 
quired. 


TENTATIVE METHOD OF MECHANICAL ANALYSIS 
OF 
SUBGRADE SOILS.! 


Serial Designation: D 137-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. 


IssuED, 1922; REVISED, 1923, 1924, 1925, 


1. This method covers the determination of the amount of sand, 
silt, clay and suspension clay? in subgrade soils. 

2. The sample as received shall be dried in an oven at a temper- 
ature not to exceed 100° C. (212° F.) and shall then be broken up in a 
mortar by means of a rubber-covered pestle, care being taken not to 
break any fragments of rock or sand. ‘The sample shall then be passed 
through a 4-in. screen and the material passing this screen further 
pulverized by rolling out in a thin layer on a rubber pad, using a 
rubber-covered roller, after which the sample shall be passed through 
a 10-mesh sieve. 

3. The apparatus shall consist of a wide-mouthed cylindrical 
glass jar of at least 10 liters capacity; a soil centrifuge with a four 
or eight-tube head of such diameter that a speed of 1500 r.p.m. will 
exert a centrifugal force approximately 500 times the force of gravity; 
four centrifuge tubes of 100-cc. capacity; and a chemical balance 
sensitive to 0.001 g. 

4. By the method of quartering, a sample weighing approximately 
25 g. and passing the 10-mesh sieve shall be selected and placed in a 
Henle with approximately 500 cc. of distilled water. ‘This mixture 
shall be gradually brought up to the boiling point during a period of 
one hour and then be allowed to simmer for an additional hour. 
After standing until cool, the material in the beaker shall be thor- 
oughly brushed and dispersed with a stiff brush for two or three 
minutes and then allowed to stand for eight minutes. ‘The super- 

1Criticisms of this Tentative Method are solicited and should be directed, preferably 
before January 1, 1926, to Mr. Prévost Hubbard, Secretary of Committee D-4 on Road and Paving 
Materials, 441 Lexington Ave., New York City. 


2 The determination of the percentage of suspension clay by this method will include any water- 
soluble material present which may be determined separately if desired. 
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natant liquid shall then be decanted to a depth of 8 cm. from the 
surface of the liquid into a vessel having a capacity of about 10 liters. 
About 500 cc. of ammoniated water (concentration 1:500) shall be 
added to the material remaining in the beaker and the brushing 
repeated as before. After again standing for eight minutes, the 
supernatant liquid shall be decanted into the large vessel. This 
process shall be repeated until the supernatant liquid becomes clear 
after eight minutes sedimentation. The sand and silt have now 
been separated from the clay and suspension clay, which are con- 
tained in the large vessel. The material in the beaker shall then be 
transferred to an evaporating dish, dried to constant weight at a 
temperature not to exceed 100° C. (212° F.), cooled, and a mechanical 
analysis made, using 20-mesh, 60-mesh, 100-mesh and 200-mesh 
sieves. Material retained on each sieve shall be recorded as per- 
centage of the original sample, and that which passes the 200-mesh 
sieve shall be recorded as the percentage of silt in the original sample. 

The volume of liquid in the large vessel shall now be brought up 
to at least 10 liters by the addition of ammoniated water, and the 
vessel thoroughly shaken until all material is in suspension. Seventy 
cubic centimeters of the liquid shall then be siphoned from this vessel 
at a depth of about one-half the total depth of the liquid into each 
of four centrifuge tubes. The tubes shall then be mounted in the 
centrifuge and run for 30 minutes at a speed which, for the diameter 
of the head used, will exert a centrifugal force approximately 500 
times the force of gravity. The material which has been thrown 
out of the liquid. by centrifuging shall be classified as clay and that 
‘which remains in suspension as suspension clay. The solution con- 
taining the suspension clay shall then be decanted, evaporated to 
dryness, and the weight of the suspension clay determined. ‘The 
clay remaining in the tube shall also be dried and weighed. 

The weight of suspension clay is found from the liquid in four 
tubes, or 280 cc.; consequently this weight must be multiplied by 
the factor obtained by dividing the total volume used by 280 cc. in 
order to obtain the total suspension clay in the original sample. 
The weight of clay is determined from the clay in one tube, or 70 cc.; 
therefore the total volume divided by 70 cc. gives the factor by 
which this weight should be multiplied to give the total clay in the 
original sample. The total weights of clay and suspension clay 
thus obtained are converted into percentages of the original 25-g. 
sample. The determination of the percentage of suspension clay 
by this method includes any water-soluble material present which 
may be determined separately if desired. 
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Procedure * 5. In case it is not considered necessary to make a determina- 
Gece a: | LOTMOL the percentage of suspension clay, the following procedure 
Suspension for determination of total clay (clay plus suspension clay) may be 
Clay isnot followed: 
Required. es ; : y 
An aliquot portion of the total volume of water used in washing 
the sample shall be taken and evaporated to dryness and the weight 
of clay plus suspension clay obtained, which shall be expressed as 


the percentage of total clay in the original 25-g. sample. 


TENTATIVE METHOD OF TEST FOR THE DETERMINA- . 


TION OF MOISTURE EQUIVALENT OF SUB- 
GRADE SOILS IN THE FIELD! 


Serial Designation: D 220-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to annual revision. 


IssuED, 1925 


1. This method covers the determination of the moisture equiva- 
lent of subgrade soils by means of a field test. 

2. The apparatus shall consist of a bowl, a spatula, and a suitable 
device for adding water dropwise. 

3. A sample, weighing approximately 500 g., shall be taken from 
the field, air dried, and the lumps reduced in size to approximately 
2 in., all rock above this size being removed. 

4, (a) The soil sample (prepared as described in Section 3) shall 
be placed in a bowl and water slowly added from a burette, the water 
and soil being mixed by means of a spatula until the soil reaches the 
consistency of putty and so the soil may be compacted with the spatula 
without any free water remaining on the surface. The soil shall then 
be struck off smooth and a drop of water allowed to fall on the surface. 
If this drop is immediately absorbed by the soil it indicates that the 
moisture equivalent has not been reached. A small increment of 
water shall then be added and thoroughly mixed with the soil. The 
surface shall again be struck off smooth and an additional drop allowed 
to fall thereon. ‘This process is repeated until upon the addition of a 
drop of water the surface remains moist and has a shiny appearance. 

By adding small increments of water and by watching the surface 
of the soil carefully, the critical point may readily be determined. 

(b) The sample shall then be dried out at a temperature not 
exceeding 100° C. and the percentage of moisture determined on the 
basis of the dry weight of the sample. 


Notre.—This test is inaccurate when applied to soils whose moisture equivalent 
is below 20. 


1 Criticisms of this Tentative Method are solicited and should be directed to Mr. Prévost 
Hubbard, Secretary of Committee D-4 on Road and Paving Materials, 441 Lexington Ave., New 
York City. 
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TENTATIVE METHOD OF TEST 
| FOR . 
CONSISTENCY OF PORTLAND-CEMENT CONCRETE! 


Serial Designation: D 138-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption 
as Standard it is subject to revision. 


IssuED, 1922; REVISED 1925. 


1. This test covers the method to be used both in the laboratory 
and in the field for determining consistency of concrete’. 

2. The test specimen shall be formed in a mold of No. 16 gage 
galvanized metal in the form of the lateral surface of the frustrum of 
a, cone with the base 8 in. in diameter, the upper surface 4 in. in diam- 
eter, and the altitude 12 in. The base and the top shall be open and 
parallel to each other and at right angles to the axis of the cone. The 
mold shall be provided with foot pieces and handles as shown in Fig. 1. 

3. When the test is made at the mixer, the sample shall be taken 
from the pile of concrete immediately after the entire batch has been 
discharged. When testing concrete that has been hauled from a 
central. mixing plant, the sample shall be taken from the concrete 
immediately after it has been dumped on the subgrade. 

4. The mold shall be placed on a flat, non-absorbent surface, such 
as a smooth plank or a slab of concrete, and the operator shall hold the 
form firmly in place, while it is being filled, by standing on the foot © 
pieces. The mold shall be filled to about one-fourth of its height with 
the concrete which shall then be puddled, using 20 to 30 strokes of a 
-in. rod pointed at the lower end. The filling shall be completed in 
successive layers similar to the first and the top struck off so that the 
mold is exactly filled. The mold shall then be removed by being 

1 Criticisms of this Tentative Method are solicited and should be directed, preferably before 


January 1, 1926, to Mr. Prévost Hubbard, Secretary of Committee D-4 on Road and Paving Materials, 
441 Lexington Ave., New York City. 

2 This test is not considered applicable when there is a considerable amount of coarse aggregate 
over 2in. in size in the concrete. The committee is now working on a method suitable for determining 
the consistency of concrete using aggregate over 2 in. in size. 
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raised vertically, immediately after being filled. The molded concrete 
shall then be allowed to subside until quiescent and the height of the 
specimen measured. 


Fe f “ 
jg(hickness’ nore tay 6 
Elevation. 


5. The consistency shall be recorded in terms of inches of sub- Stump. 
sidence of the specimen during the test, which shall be known as the 


slump. 
Slump = 12 — inches of height after subsidence 


Scope. 


TENTATIVE METHOD OF TEST 
FOR 
THE DETERMINATION OF BITUMEN! 


Serial Designation: D 4-23 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to revision. 


IssuED, 1923 


1. Bitumen may usually be expeditiously and accurately deter- 
mined by Method No. 1, Section 5. In the case of certain native 
asphalts containing finely divided mineral matter, the mineral residue 
is not easily retained by the filter and it is necessary to resort to 
Method No. 2, Section 6, in order to obtain accurate results. 
Method No. 2 shall not be used unless the filter clogs unduly or 
unless the mineral matter passing through the filter exceeds 0.5 per 
cent. In every case the report shall indicate whether Method No. 1 
or Method No. 2 has been employed. 


I. APPARATUS 
2. The apparatus shall consist of the following: 


(a) Gooch crucible, approximately 4.4 cm. in width at the top, 
tapering to 3.6 cm. at the bottom, with a depth of 2.5 cm.; 
(b) Filtering flask; 
(c) Rubber stopper; 
(d) Filter tube; 
(e) Section of rubber tubing to hold the Gooch crucible on the 
filter tube; 
(f) Asbestos (amphibole) cut in pieces not exceeding 1 cm. in 
length, shredded and shaken up with water; 
(g) Two 150-cc. Erlenmeyer flasks; 
(hk) Bunsen burner; 
(72) Drying oven; 
(7) Suction pump; 
1 Criticisms of this Tentative Method are solicited and should be directed to Mr. Prévost Hubbard, 
Secretary of Committee D-4 on Road and Paving Materials, 441 Lexington Ave., New York City. 
This method is in effect a revision of the Standard Method of Test for Soluble Bitumen. The 


Standard Method, which was last published under the Serial Designation: D 4-11, has accordingly 
been withdrawn. 
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(k) Rubber tubing; _ 

(i) Analytical balance; 

(m) Desiccator. : 

Il. PREPARATION OF SAMPLE 

3. The sample shall be representative and if it contains more 
than 2 per cent of water it shall be dehydrated by distillation in a cop- 
per still in accordance with the Standard Method of Test for Distilla- 
tion of Bituminous Materials Suitable for Road Treatment (Serial 
Designation: D 20) of the American Society for Testing Materials,! the 
water-free distillate being returned to the residue. If the material is 
hard and brittle, it may be ground and dried at a temperature below 
the temperature of volatilization of the material. 


III. PROCEDURE 

4. The Gooch crucible shall be set in the filter tube inserted in 
the stopper of the filtering flask. The flask shall be connected with 
the suction pump. Before suction shall be applied, the crucible-shall 
be filled with asbestos suspended in water which shall be allowed to 
partly settle in the crucible. A light suction shall be applied to draw 
off the water, leaving a firm mat of asbestos in the crucible. More 
suspended asbestos shall be added and the process repeated until a 
felt is built up that barely transmits light. The felt shall then be 
thoroughly washed with water, dried in a drying oven, and ignited 
over a Bunsen burner. ‘The crucible shall then be cooled in a desic- 
cator and weighed. 


(a) Method No. 1 


5. An amount of material which shall contain approximately one 
gram of bitumen shall be weighed into a tared Erlenmeyer flask. 
One hundred cubic centimeters of chemically pure carbon disulfide 
shall be added to the flask in small portions with continued agitation 
until all lumps disappear and nothing adheres to the bottom. ‘The 
flask shall be corked and set aside for fifteen minutes. 

The Gooch crucible shall be set up again with the suction flask 
and the carbon disulflde solution carefully decanted through the asbes- 
tos felt. No sediment shall be allowed to go onto the filter. A small 
amount of carbon disulfide shall be used to wash down the sides of the 
flask and then the precipitate shall be brought onto the felt and the 
flask scrubbed with a feather if necessary to remove all precipitate. 
The contents of the crucible shall be washed with carbon disulfide 
until the washings are colorless. Suction shall be applied to the 
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crucible to remove the carbon disulfide. The crucible shall be dried 
in the oven at 100 to 125° C. for twenty minutes, cooled in/the desic- 
cator and weighed. 

In case insoluble matter adheres to the flask, the flask shall be 
dried and weighed and the increase in weight over the original weight 
shall be added to the weight of insoluble matter in the crucible. 

The crucible shall be ignited at a red heat and after thorough 
ignition, cooled and weighed. 

The weight of substance taken, minus the total weight of matter 
insoluble in carbon disulfide, is the total bitumen. The weight of 
material after ignition is ash. 


(b) Method No. 2 


6. Material shall be weighed out in the same way as in (a) Method 
No. 1 (Section 5) into a tared Erlenmeyer flask, and treated with 
100 cc. of chemically pure carbon disulfide. 

The flask shall be loosely corked and shaken at intervals until 
all large particles of material have been broken down. ‘The flask 
shall be left undisturbed for 48 hours. ‘The solution shall be decanted 
into a similar tared flask, care being taken to disturb as little of the 
residue as possible. The first flask shall be treated again with fresh 
carbon disulfide as before and left undisturbed for 48 hours. The 
solution from the second flask shall then be carefully decanted upon 
the Gooch crucible without use of vacuum, and this shall be followed 
by the solution from the first flask. The filter shall be washed with 
fresh carbon disulfide. The residue remaining in each flask shall be 
shaken again with fresh carbon disulfide and allowed to settle for 
24 hours. The solution from both flasks shall then be decanted 
through the filter and the residues remaining in the flasks shall be 
washed again with carbon disulfide, the solution decanted and the 
process repeated until the washings are practically colorless. The 
temperature shall be maintained between 20 and 25° C. 

The crucible and both flasks shall be dried at 100 to 125° C. and 
weighed. ‘The filtrate containing the bitumen shall be evaporated, 
the bituminous residue burned, and the weight of the ash thus obtained 
added to that of the residue in the two flasks and the crucible. The 
sum of these weights deducted from the weight of substance taken is 
the weight of bitumen. 


TENTATIVE METHOD OF TEST 
FOR 


THE DETERMINATION OF PROPORTION OF BITUMEN 
SOLUBLE IN CARBON TETRACHLORIDE! 


Serial Designation: D 165-23 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to revision. 


ISSUED, 1923 


DE VAPPARATUS 


1. The apparatus shall consist of the following: 

(a) Gooch Crucible, approximately 4.4 cm. in width at the top, 
tapering to 3.6 cm. at the bottom, with a depth of 2.5 cm. 

(b) Filtering flask; 

(c) Rubber stopper; 

(d) Filter tube; 

(e) Section of rubber tubing to hold the Gooch crucible on the 
filter tube; 

(f) Asbestos (amphibole) cut in pieces not exceeding 1 cm. in 
length, shredded and shaken up with water; 

(g) Two 150-cc. Erlenmeyer flasks; 

(i) Bunsen burner; 

(7) Drying oven; 

(7) Suction pump; 

(k) Rubber tubing; 

(1) Analytical balance; 

(m) Desiccator. 


II. PREPARATION OF SAMPLE 


2. The sample shall be representative and if it contains more than 

2 per cent of water it shall be dehydrated by distillation in a copper still 
in accordance with the Standard Method of Test for Distillation of 
Bituminous Materials Suitable for Road Treatment (Serial Designa- 
tion: D 20) of the American Society for Testing Materials,? and water- 
1 Criticisms of this Tentative Method are solicited and should be directed to Mr. Prévost Hubbard, 


Secretary of Committee D-4 on Road and Paving Materials, 441 Lexington Ave., New York City. 
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free distillate returned to the residue. If the material is hard and 
brittle, it may be ground and dried at a temperature below the tem- 
perature of volatilization of the material. | 


III. PROCEDURE 


3. The Gooch crucible shall be set in the filter tube inserted in 
the stopper of the filtering flask. The flask shall be connected with 
the suction pump. Before suction is applied, the crucible shall be 
filled with asbestos suspended in water which shall be allowed to partly 
settle in the crucible. A light suction shall be applied to draw off the 
water, leaving a firm mat of asbestos in the crucible. More suspended 
asbestos shall be added and the process repeated until a felt is built 
up that barely transmits light. The felt shall then be thoroughly 
washed with water, dried in a drying oven, and ignited over a Bunsen 
burner. The crucible then shall be cooled in a desiccator and weighed. 

4, An amount of material which shall contain approximately one 
gram of bitumen shall be weighed into a tared Erlenmeyer flask. One 
hundred cubic centimeters of chemically pure carbon tetrachloride 
shall be added to the flask in small portions with continued agitation 
until all lumps disappear and nothing adheres to the bottom. The 
flask shall be corked and set aside in subdued light for at least 12 hours. | 

The Gooch crucible shall be set up again with the suction flask 
and the carbon tetrachloride solution carefully decanted through the 
asbestos felt. No sediment shall be allowed to go onto the filter. A 
small amount of carbon tetrachloride shall be used to wash down the 
sides of the flask and then the precipitate shall be brought onto the 
felt and the flask scrubbed with a feather if necessary to remove all 
precipitate. The contents of the crucible shall be washed with carbon 
tetrachloride until the washings are colorless. Suction shall be applied 
to the crucible to remove the carbon tetrachloride. The crucible 
shall be dried in the oven at 100 to 125 C. for twenty minutes, cooled 
in the desiccator, and weighed. 

In case insoluble matter adheres to the flask, the flask shall be 
dried and weighed and the increase in weight over the original weight 
shall be added to the weight of insoluble matter in the crucible. 

The proportion of bitumen soluble in carbon tetrachloride shall 
be reported on the basis of total bitumen taken as 100. 


Proportion of Bitumen Soluble Bitumen Soluble in Carbon Tetrachloride 


in Carbon Tetrachloride. Total Bitumen 


TENTATIVE METHOD OF TEST 
FOR 
DUCTILITY OF BITUMINOUS MATERIALS.! 


Serial Designation: D 113-22 T. 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. 


IssuED, 1921; REVISED, 1922. 


1. The ductility of an asphalt cement or semi-solid bitumen is 
the distance to which it will elongate before breaking when two ends 
of a briquette of the material are pulled apart at a specified rate of 
speed and at a specified temperature. When the conditions of the 
test are not specifically mentioned, the rate and the temperature are 
understood to be 5 cm. per minute at 25° C. (77° F.). 


APPARATUS. 

2. The mold shall be as shown in Fig. 1. It shall be made of 
brass, the ends, b and b’, being known as clips, and the parts, a and 
a’, as sides of the mold. ‘The dimensions of the mold shall be as 
follows: 


otal leneGrwCaeesTany). | sheds. ce cle. oes dle la ditthe 7.45 -—7.55 cm. 
dofstance DELWeeM CpG.) . si... 0. s ce ee eee ee eee 2.97-3.06 “ 
DARI OR GID Sth e TOTIEINY a2 eich cock ok) oral ats +p @ aan tie Ys. 1982.02)" 
Width of briquette at minimum cross-section (half 

wary between Clips) (Han Hots. 590... th Pee 0.99-1.01 “ 
Thickness of briquette throughout................. 0.99-1.01 “ 


3. The water bath shall be maintained at a temperature not 
varying more than 0.1° C. from 25° C. (77° F.). The volume of water 
shall be not less than 10 liters and the sample shall be immersed to a 
depth of not less than 10 cm. and shall be supported on a perforated 
shelf not less than 5 cm. from the bottom of the bath. 

4. Any apparatus may be used for pulling the briquette of bitu- 
men apart that is’ so constructed that the briquette will be con- 
tinuously immersed in water and the two clips pulled apart at a 
uniform rate of speed of 5 cm. per minute. 


1 Criticisms of this Tentative Method are solicited and should be directed, preferably 
before January 1, 1926, to Mr. Prévost Hubbard, Secretary of Committee D-4 on Road and Paving 
Materials, 441 Lexington Ave., New York City. 
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PROCEDURE. 

5. The asphalt cement or bituminous material to be tested shall 
be completely melted at such a temperature that it will be thoroughly 
fluid—with ordinary paving asphalt cement this is about 160° C. 
(320° F.). It shall then be strained through a 50-mesh sieve and, after 
a thorough stirring, poured into the mold. The mold shall be assem- 
bled on a brass plate and so as to prevent the material under test from 
sticking, the surface of the plate and the interior surfaces of the side 
pieces aa’ of the mold shall be thoroughly amalgamated. In filling 
the mold care shall be taken not to disarrange the parts and thus 
distort the briquette. In filling, the material shall be poured in a 
thin stream back and forth from end to end of the mold until it is 
more than level full. It shall be left to cool to room temperature and 
then placed in water maintained at 25° C. (77° F.) for 30 minutes, 
after which the excess of bitumen shall be cut off by means of a hot 
putty knife or spatula so that the mold shall be just level full. 


» 


| 
My 


Fic. 1.—Ductility Mold. 


6. The brass plate and mold, with briquette, shall then be placed 
in the water bath and kept at a temperature of 25° C. (77° F.) for 
at least 14 hours, when the briquette shall be removed from the plate 
and the side pieces detached. 

7. The rings at each end of the clip shall then be attached to the 
pins or hooks in the ductility machine and the two clips pulled apart 
at a uniform rate of 5 cm. per minute (+5 per cent). While the test 
is being made, the water in the tank of the ductility machine shall 
cover the sample by at least 2.5 cm. and shall be kept continuously at 
a temperature within 0.5° C. of 25° C. (77° F.). When the specimen 
of bituminous material breaks, the distance from the original position 
of the clip before pulling to its present position shall be measured, 
and shall be known as the ductility. The average of three tests 
shall be taken, excepting that any abnormal result shall be rejected. 


Y | Y= sme 
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TENTATIVE METHOD OF FLOAT TEST 
FOR 
BITUMINOUS MATERIALS! 


Serial Designation: D 139-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption 
as Standard it is subject to revision. 


IssuED, 1922; REVISED, 1923, 1924, 1925. 


I. ‘APPARATUS. 


1. The float (Fig. 1) shall be made of aluminum or aluminum Float. 
alloy and shall be in accordance with the following requirements: 


Minimum. NORMAL. MAXIMUM. 


TRICE IGAG IE. 8G AE Succ oc OAs Mature ee Nia dde's « 37.70 37.90 38.10 
Sota neienb Gfloaty mimes... daar Ee Rew. he 34.0 35.0 36.0 
Height of rim above lower side of shoulder, mm....... 26.5 27.0 2 bas 
mice tess OF shoulders mms ww oe ve ak. Bins oc ge bis 1.4 5 
Pianieter or Opening mam At) Nee WN esky Sis 6G ale oe 11.0 i b1a2 


2. The collar (Fig. 1) shall be made of brass and shall be in Collar. 
accordance with the following requirements: 


MINIMUM. NORMAL. MAXIMUM. 


Vie at OF COMAE Oy hea tee Ne oe ids eddie Sales os 9.60 9.80 10.00 
Orver a eip nt DL CONGT ctfile. ts eos ceca sso sie tele 22.3 22:5 227 

Inside diameter at bottom, mm................. yee 1742 12.82 12.92 
inside diameter ati opps. eyes ee ee dele als soe 43 9.65 9.70 9.75 


The top of the collar shall screw up tightly against the lower side 
of the shoulder. 

3. The assembled float and collar, with the collar filled flush Assembly. 
with the bottom and weighted to a total weight of 53.2 g., shall 
float upon water with the rim 8.5 +1.5 mm. above the surface of 
the water. Dimensions of the apparatus additional to those re- 
quired above are given in Fig. 1. 

4, The thermometer shall conform to the following requirements. Thermom- 
These specifications cover a special thermometer graduated in either °** 
Centigrade or Fahrenheit degrees as specified, the ranges being 0 to 
80° C. or 30 to 180° F., respectively. 

TYPE: Etched stem, glass. 

Liguip: Mercury. 

RANGE AND SUBDIVISION: —2 to +80° C. in 0.2° C. or +30 to +180° F. in 0.5° F. 
1Criticisms of this Tentative Method are solicited and should be directed, preferably 


before January 1, 1926, to Mr. Prévost Hubbard, Secretary of Committee D-4 on Road and Paving 
Materials, 441 Lexington Ave., New York City. 
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TOTAL LENGTH: 378 to 384 mm. (14.88 to 15.12 in.). 


STEM: Plain front, enamel back, suitable thermometer tubing. Diameter, 6.0 to 
7.0 mm, (0.24 to 0.28 in.). 
Buus: Corning normal or equally suitable thermometric glass. 
Length, 9 to 14 mm. (0.35 to 0.55 in.). 
Diameter, 4.5 to 5.5 mm. (0.18 to 0.22 in.). 


ee 


“o Q? 
men eee 92.042.0mm, ---------- , 


\ 
i) 
1 
i) 
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i] 
' 


is Float. 
/hermometer-: (Alumin um) \ gn 
“9 Standard 
970 y 
Float =e / if Thread 
Tester. 1404010 - 
Hot Bath i Ae LL % 
i + x <4 =a . 
Tapered ye 3 
\ to make 4 : at pie 
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(FO TOO ® 
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Weight of Float, 37.90+0.20g. 
Weight of Collar, 9.804 0.20g, 
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Assembly. 


Fic. 1.—Float Test Apparatus. 
DISTANCE TO 0° C. oR 32° F. LINE FROM BOTTOM OF BULB: 75 tco.90 mm. (2.95 
to 3.54 in.). , 


DISTANCE TO 80° C. or 176° F. LINE FROM ToP OF THERMOMETER: 30 to 45 mm. 
(1.18 to 1.77 in.). 
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EXPANSION CHAMBER: To permit heating the thermometer at least 50° C, (90° F.) 
above highest temperature on scale. ; 

FILLING ABOVE MErcury: Nitrogen gas. 

Top FInisH: Glass Ring. 

GRADUATION: All lines, figures, and letters clear cut and distinct. Each whole degree 
Centigrade or Fahrenheit line to be longer than the remaining lines. Gradua- 
tions to be numbered at each multiple of 2° C. or 5° F. 

IMMERSION: Total. 

SPECIAL MARKING: ‘‘A.S.T.M. Low S.P.,” a serial number and the manufacturer's 
name or trade mark shall be etched on the thermometer. 

SCALE Error: The error at any point of the scale when the thermometer is stand- 
ardized as provided below shall not exceed 0.2° C. or 0.4° F. 

STANDARDIZATION: The thermometer shall be standardized immersed in the testing 
bath to the top of the mercury column, at the ice point and at temperature 
intervals of approximately 20° C. or 40° F. 

CasE: The thermometer shall be supplied in a suitable case on which shall appear 
the marking: ‘A.S.T.M. Low S.P., 0 to 80° C.” or “A.S.T.M. Low S.P., 
30 to 180° F.”’ according to the type of thermometer. 

Notre.—For the purpose of interpreting these specifications the following defi- 
nitions apply: 

The total length is the over-all length of the finished instrument. 

The diameter is that measured with a ring gage. 

The length of the bulb is the distance from the bottom of the bulb to the begin- 
ning of the enamel backing. 

The top of the thermometer is the top of the finished instrument. 


5. The diameter of the bath and the depth of water shall be 
at least 185 mm. 


II. PREPARATION OF SAMPLE. 


6. The brass collar shall be placed with the smaller end on a brass 
plate which has been previously amalgamated with mercury by first 
rubbing it with a dilute solution of mercuric chloride or nitrate, and 
then with mercury. 

The sample shall be completely melted at the lowest possible 
temperature that will bring it to a sufficiently fluid condition for 
pouring, excepting creosote oil residues, which shall be mixed and 
poured at a temperature of 100 to 125° C. It shall be stirred 
thoroughly until it is homogeneous and free from air bubbles. 
The sample shall then be poured into the collar in any convenient 
manner until slightly more than level with the top. 

Asphalt and Asphalt Producis.—Asphalt and asphalt products 
shall be cooled to room temperature, placed in water maintained 
at 5° C. for 5 minutes, after which the surplus material shall be 
removed by means of a spatula, or steel knife, which has been slightly 
heated. The collar and plate shall then be placed in a tin cup con- 
taining ice water maintained at 5° C., 1° C., and left in this bath 
for at least 15 minutes. 
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Tar Products—Tar products shall be immediately immersed in 
ice water maintained at 5° C. for 5 minutes, after which the surplus 
material shall be removed by means of a spatula or steel knife, which 
has been slightly heated. ‘The collar and plate shall then be placed 
in a tin cup containing ice water maintained at 5° C., 1° C., and 
left in this bath for at least 15 minutes. | 


III. PROCEDURE. 


7. (a) The bath shall be filled with water and the water heated 
to the temperature at which the test is to be made. This temperature 
shall be accurately maintained and shall at no time throughout the 
test be allowed to vary more than 0.5° C. from the temperature 
specified. 

(6) After the material to be tested has been kept in the ice water 
for not less than 15 minutes nor more than 30 minutes, the collar with 
its contents shall be removed from the plate and screwed into the 
aluminum float and immersed in water at 5° C. for one minute. Any 
water shall then be removed from the inside of the float and the latter 
immediately floated in the warm bath. As the plug of material 
becomes warm and fluid, it is forced upward and out of the collar 
until the water gains entrance into the saucer and causes it to sink. 

(c) The time in seconds between placing the apparatus on the 
water and when the water breaks through the material shall be 
determined by means of a stop watch, and shall be taken as a measure 
of the consistency of the material under examination. | 

NotTE.—Special precaution should be taken to insure the collar fitting tightly 
into the float and to see that there is no seepage of water between the collar and 
float during the test. 


TENTATIVE METHOD OF TEST 
FOR 
FINENESS OF POWDERED COAL! 


Serial Designation: D 197-24 T 
This is a Tentative Standard only, published for the purpose of eliciting criticism 


and suggestions. It is not a Standard of the Society, and is subject to annual revision. 


ISSUED, 1924 


I, APPARATUS 
1. Sieves Nos. 40, 50, 70, 100, 140, and 200 of the United States 
Standard Sieve Series,? with close-fitting pans and covers, shall 
be used. 


2. (a) For Collecting Gross Sample.—The containers shall be of 
metal of about 8 to -10-liter capacity, provided with tightly fitting 
covers. 

Note.—Two-gallon milk cans are suitable for this purpose. 


(b) For Collecting Laboratory Sample.—The containers may be of 
metal or glass of about one-liter capacity, provided with tightly fitting 
covers. 


II. SAMPLING 
3. The coal pulverized, per mill, during the period of one hour 
shall be considered a unit for sampling. 


A. Multiple Sysiem 


In the multiple powdered coal system, the coal after pulverization is con- 
veyed into bins. 


4. Not less than 2 kg. of representative powdered coal shall be 
collected as it is being discharged from the pulverizer. This is best 
accomplished by collecting increments of not more than 200 g. at 
regular intervals by means of ascoop. The increments shall be placed 
into a can of about 8 to 10-liter capacity, provided with a tightly 
fitting cover. 


1 Criticisms of this Tentative Method are solicited and should be directed to Mr. W. A. Selvig, 
Secretary of Committee D-5 on Coal and Coke, U.S. Bureau of Mines, 4800 Forbes St., Pittsburgh, Pa. 
2 For detailed specifications for these sieves, see U. S. Bureau of Standards Letter Circular No. 74. 
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5. Th,he grosssample shall be placed on a sheet of rubber or oil- 
cloth, and thoroughly mixed by raising first one corner of the cloth 
and then the other so as to roll the coal over and over at least 100 
times. After mixing, the sample shall be coned and quartered. The 
operations of mixing, coning, and quartering shall be continued if 
necessary until the sample is reduced sufficiently so that all of one of 
the quarters weighs about 500 g., which coal shall constitute the lab- 
oratory sample. The laboratory sample shall be transferred to a 
metal or glass container of about one-liter capacity, provided with a 
tightly fitting cover. 

NotE.—The operations of mixing, coning and quartering are described and 


illustrated in the Standard Methods of Sampling Coal (Serial Designation: D 21) of 
the American Society for Testing Materials.! 


B. Unit System 


In the unit powdered coal system, the coal during and after being pulver- 
ized is at once mixed with air and delivered to the furnace. It is difficult to 
obtain representative samples, as it is necessary to sample the coal from a 
moving stream of coal and air inside the pipe between the pulverizer and the 
furnace. It is preferable to collect such samples from vertical pipes if possible, 
as in horizontal pipes considerable segregation takes place, the coarser particles 
tending to flow along the bottom of the pipes. | 


6. (a) The sampling device shall consist of a 1-in. thin-walled 
brass tube, with one end bent at a right angle or provided with a 
90-deg. elbow and short length of tube. At the other end of the 
sampling tube a vacuum-sweeper bag shall be tightly attached. 
The inside of the sampling tube shall have no projections to interfere 
with the flow of coal. 

(b) The sampling tube shall be inserted into the powdered coal 
pipe through a stuffing-box in such a manner that the opening of the 
sampling tube shall be directed against the stream of coal and air, 
and permit moving back and forth across the entire diameter of the 
coal pipe. If the sample must be taken from a horizontal pipe, the 
sampling tube shall be inserted through the top of the coal pipe, in 
such a manner as will permit moving the tube back and forth from 
top to bottom along the vertical diameter of the pipe. 

7. In collecting the sample, the sampling tube shall be moved 
uniformly back and forth along the diameter of the pipe. In order 
to permit ready elimination of air from the bag, the vacuum-cleaner 
bag shall not be filled more than about one-fifth full at any time. 
Sampling shall be continued at regular intervals until a gross sample 
of not less than 5 kg. of coal is collected. 
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8. The gross sample shall be mixed, coned and quartered, and 
reduced in the same manner as described for the multiple powdered 
coal system. 

III. PROCEDURE 


9. The entire laboratory sample shall be air dried in a drying 
oven at 10 to 15° C. above room temperature. The drying shall be 
continued until the loss in weight is not more than 0.1 per cent per 
hour. 

10. After air drying, the sample shall be thoroughly mixed by 
rolling over and over at least 100 times on a sheet of rubber or oilcoth, 
as described for the mixing of the gross sample. ‘The sample, after 
mixing, shall be spread out to a depth of about 4 in. and portions, 
representing a section from the top of the coal to the mixing cloth, 
shall be taken with a spatula at regular intervals. 

11. A 50-g. sample of the air-dried coal shall be placed on the 
No. 200 sieve, to which a pan and cover shall be attached. The 
sieve shall be held in one hand in a slightly inclined position, so that 
the sample will be well distributed over the sieve, while at the same 
time the operator shall gently strike the side about 150 times per 
minute against the palm of the other hand on the up stroke. Every 
25 strokes the sieve shall be turned about one-sixth of a revolution 
in the same direction. ‘The sieve shall be held over a sheet of glazed 
white paper during the sieving operation, so as to detect any loss 
that might result from accidental spilling of a portion of the sample, 
in which case another sample shall be taken. 

Aiter sieving for one minute, the sieve pan shall be removed, and 
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the material which has passed through the sieve discarded. The 


side of the sieve shall be tapped with a brush handle, and the coal 
adhering to the under side of the wire cloth brushed off. During the 
operation of tapping and brushing, the sieve cover shall remain on 
the sieve so as to prevent any loss of material over the side of the sieve. 


Note.—A 1-in. bristle brush is satisfactory for brushing the under side of the 
wire cloth. 


The sieve pan shall be replaced, and the sieving continued for 
two minutes; then the tapping and brushing shall be repeated, and 
again repeated after two minutes of additional sieving. ‘The opera- 
tion shall then be continued in the usual manner, omitting the tapping 
and brushing, until the amount passing through in one minute of 
continuous sieving is about 0.1 g. Each time, before weighing the 
material passing through the sieve, the side of the sieve shall be tapped 
with the brush handle in order to remove any material adhering to 
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the under side of the wire cloth. The cover of the sieve shall then 
be removed, and the residue remaining on the sieve carefully removed. 
The sieve shall be inverted over a piece of glazed white paper, and the 
wire cloth cleaned by carefully brushing the under side. ‘The material 
thus removed from the wire cloth shall be added to the residue removed 
from the sieve. } 
After cleaning the sieve, the residue shall be placed thereupon, 
the sieve pan and cover attached, and the sieving resumed in the usual 
manner, omitting the operations of tapping and brushing, until not 
more than 0.05 g. passes through in one minute of continuous sieving, 
when the sieving shall be considered to be finished. The sieve shall 
be inverted and cleaned as before, and the residue weighed. 
12. The residue shall then be successively sieved on the Nos. 140, 
100, 70, 50, and 40 sieves. Sieving shall be continued in the usual 
manner, omitting the tapping and brushing, until not more than 0.05 g. 
passes through in one minute of continuous sieving, when the sieving 
shall be considered finished. ‘The sieve shall then be inverted, cleaned, 
and the residue weighed as described for the No. 200 sieve. 
Note.—As the fine material which tends to clog the meshes of the sieves has 
been removed by sieving through the No. 200 sieve, it is not necessary to brush the 


under side of the wire cloth or clean the sieves during the sieving operation, as was 
done for the No. 200 sieve. 


13. The fineness shall be calculated from the weights of the 
residues on the sieves, and shall be expressed as percentages of the 
weight of the original sample. Sieving value corrections for the 
No. 200 sieves, as determined by the U. S. Bureau of Standards, shall 


be applied to the material sieved on the No. 200 sieves. The fineness 


test shall be reported as follows: 
PER CENT 
Retaified’ onNo:) 40\sieveryon hh}. Ae eriaes Ce ke ene 


“4 HaNo. 50.sieve; passing, No, 40.Siewe ...4 +. 04-¢e0-n » 
ib ‘* No. 70 sieve, Hi ONO, SO S10VGs; «oboe eas 
a No. 100 sievej’) “7 No. 70 sievelii. nied aE ae 
ih *" No, 140'steve, “" Noi/100'siever... 22 a ee 
“ * INO. 200 sieve, ONO: 14 0'sieve ty Lilt ile ee 

me, ING. 200. SI@Ve. CL), hs ioe Wee Oe ene 


NotE.—In applying the sieving value corrections, the graphical or analytical 
methods for obtaining such corrections for sieves which have been tested with a 
single standard sample shall be used. These methods are described in U. S. Bureau 
of Standards Technologic Paper No. 42, pp. 45-47 (1914). 


14. Duplicate determinations by the same operator, using the 
same sieves, shall check within 1 per cent on all sizes. Different 
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operators, using different sieves, shall check within 3 per cent on the 
material sieved on the No. 200 sieves. 


NotTe.—Until such time as standard materials are available for determining 
sieving values of Nos. 140, 100, 70, 50, and 40 sieves, it is not feasible to specify check 
imits for the sizes as determined with these sieves, when different sieves are used. 


RaApip RouTINE METHOD BY MACHINE SIEVING 


For routine testing, mechanical sieving devices, by which a number of 
sieves are shaken at the same time, afford a convenient method of making fine- 
ness tests. The hand-sieving method shall however be the standard method of 
test. The results obtained by machine sieving should be compared to those 
obtained by hand sieving, to determine whether the sieving action of the machine 
used is practically the same as by hand sieving, for the coal being sieved. 

The same sieves should be used as specified for hand sieving, and these 
sieves should be provided with well-fitting pans and covers to prevent possible 
loss of material during sieving. A 50-g. sample of air-dried coal should be 
placed on each sieve, and the sieves shaken until not more than about 0.1 g. 
passes through the finest sieve of the series in the machine in one minute of 
continuous sieving. The sieves should then be inverted and brushed clean, as 
described for the No. 200 sieve in the method for hand sieving. Sieving should 
then be resumed until not more than 0.05 g. passes through the finest sieve of 
_ the series in the machine in one minute of continuous sieving, when the test 
shall be considered finished, after which the sieves should be inverted and 
cleaned as before, and the residues remaining on the sieves weighed. ‘The 
fineness should be calculated and reported as in the hand-sieving method. 


TENTATIVE DEFINITIONS 
OF 
TERMS RELATING TO COKE} 


Serial Designation: D 121-24 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. Itis not a Standard of the Society and is subject to annual revision. 


ISSUED, 1921; REVISED, 1924 


Coke.—A solid carbonaceous fuel obtained, as a coherent cellular 
residue, by the destructive distillation of coal and certain other 
carbonaceous substances such as coal tar and petroleum pitches. 


NotTE.—In addition to carbon, as its principal constituent, it contains 
moisture, mineral matter (ash) and small amounts of residual volatile matter, 
nitrogen, and sulfur. 


Beehive Coke.—Coke manufactured in beehive, rectangular or similar 
forms of ovens, in a horizontal bed covering the floor of such 
oven, where the temperature for distillation is usually secured by 
the combustion, within the chamber, of a portion of the material 
treated, the volatile matter being lost. 

NotEe.—These ovens are heated by admission of a limited quantity of air, 
producing sufficient combustion to coke the coal in a specified time. In some 
instances heating flues are provided wherein a portion of the evolved gases are 
consumed. The underlying principle in the heating of the charge is internal 


combustion of the gases in the crown or dome of the oven, which plays an 
important part as a means for storage of heat and radiation to the coking mass. 


By-Product Coke.-—Coke manufactured in chambers or ovens, sub- 
stantially rectangular in section, the height and length being 
materially greater than the width, and the chambers being heated 
externally, so that the volatile matter is saved in the form of 
by-products. 

Note.—These ovens are heated by burning gas in the flues in the oven 
walls, the gas being either part of the coke-oven gas or derived from an external 
source. ‘The underlying principle of the heating of the charge is external com- 
bustion, the heat so generated passing through the oven walls to the coking 
mass. Coke is the primary product, the volatile by-products being made 
available by suitable recovery apparatus. 

1 Criticisms of these Tentative Definitions are solicited and should be directed to Mr. W. A. 


Selvig, Sercetary of Committee D-5 on Coal and Coke, U.S. Bureau of Mines, 4800 Forbes St., 
Pittsburgh, Pa. 
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Gas House Coke.—Coke obtained from retorts as a by-product in the 
manufacture of coal gas. 


Beehive Foundry Coke.—Beehive coke which is physically and chem- 
ically suitable for use in foundry cupola practice. 


Note.—Beehive foundry coke may be either 72-hour or 48-hour coke, 
the former differing from the latter mainly in the greater size of its pieces. 


By-Product Foundry Coke.—By-product coke which is physically and 
chemically suitable for use in foundry cupola practice. 


NoTE.—Such coke passes over a screening device having approximately 
23-in. openings. It is not produced on any standard coking time. 


Beehive Furnace Coke.—Beehive coke which is physically and chem- 
ically suitable for the reduction of iron ore in blast furnaces. 
Note.—The breeze or fine coke smaller than approximately ? in. is forked 


or screened out. The usual coking time on a normal working schedule is four 
48-hour charges and two 72-hour charges. 


By-Product Furnace Coke.—By-product coke which is physically and 
chemically suitable for the reduction of iron ore in blast furnaces. 
Note.—Such coke passes over a screening device with openings varying 


from 2 to 13 in., depending on local conditions at different plants. It is not 
produced on any standard coking time. 


Coke Breeze.—Coke which will pass through a 3-in. square-hole screen. 


NoTEe.—Screening devices with round or rectangular openings are some- 
times used, approximating the 3-in. square hole in effective screening power. 


Domestic Coke.—The smaller screened sizes of coke passing approx- 
imately a 23-in. square hole and retained on a 3-in. square-hole 
screen, suitable for use in domestic stoves, heaters, etc. 

Note.—The standard sizes are quite generally sold under the names given 
below and the screen sizes are average, although locally varied somewhat. 


Screening devices with round or rectangular openings are sometimes used, 
approximating the sizes of square holes given below in effective screening 


power: 

NAME SCREEN SIZE (SQUARE HOLE) 
ere Coke. Gitte ct eso Passing 23 in., Retained on 13 in. 
StoveCokest 4; . waneen une : jou f se $ Opeeace 
Nut Coke jedie ae oe mie se 143 tr ony shee 
Ped COKG: os Ny re one e ee nN a“ i ANGE ee 


Dry Coke.—Coke which has been dried to constant weight at tem- 
peratures not less than 104° C. nor more than 200° C. in the 
case of lump coke, and between 104 and 110° C. in the case of 
60-mesh coke, in accordance with methods of determining mois- 
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ture contained in the Standard;Methods of Laboratory Sampling 
and Analysis of Coke (Serial Designation: D 37) of the American 
Society for Testing Materials.! 

M oisture.—The loss in weight sustained by heating coke in Sy conten 
with methods of determining moisture as contained in the 
Standard Methods of Laboratory Sampling and Analysis of 
Coke (Serial Designation: D 37) of the American Society for 
Testing Materials.! 

Ash.—The incombustible residue remaining after ignition of coke to 
constant weight in an oxidizing atmosphere under conditions 
described under Determination of Ash contained in the Standard 
Methods of Laboratory Sampling and Analysis of Coke (Serial 
Designation: D 37) of the American Society for Testing Ma- 
terials.} 

Volatile Matter.—That part of the coal or coke which is driven off on 
heating in the form of tars and gases and is determined as the 
percentage loss in weight less the percentage of moisture sus- 
tained on heating coke in a covered platinum crucible for 7 
minutes at a temperature of 950° C., in accordance with methods 
of determining volatile matter as contained in the Standard 
Methods of Laboratory Sampling and Analysis of Coke (Serial 
Designation: D 37) of the American Society for Testing Ma- 
terials.} 

I’ixed Carbon.—The solid combustible residue remaining after heating 
coke in a covered platinum crucible fors7 minutes at 950° C., 
in accordance with methods of determining volatile matter as 
contained in the Standard Methods of Laboratory Sampling 
and Analysis of Coke (Serial Designation: D 37) of the American 
Society for Testing Materials.! 


Fixed carbon = 100 per cent — (Percentage of moisture + per- 
centage of ash + percentage of volatile matter). 


11924 Book of A.S.T.M. Standards. 


TENTATIVE DEFINITIONS 
OF 


TERMS RELATING TO COAL! 


Serial Designation: D 142 —25 T 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. 


IssuED, 1922; REVISED, 1924, 1925. 


Proximate Analysis.—In the case of coal, determination by prescribed 
methods of moisture, volatile matter, fixed carbon (by difference), 
and ash. 


NoteE.—Unless otherwise specified, the term ‘proximate analysis’? does not 
include determinations of sulfur or phosphorus or any determinations other than 
those named. 


Ultimate Analysis.—In the case of coal, the quantitative determina- 
tion of the elementary constituents carbon, hydrogen, and 
oxygen (the last by difference), in the material exclusive of in- 
combustible residue; and the quantitative determination of 
sulfur and nitrogen in the material as a whole. 


Nore 1.—Determination of phosphorus is not by definition a part of ultimate 
analysis of coal, but may be specified when desired. 

NotrE 2.—When the analysis is made on an undried sample, part of the 
hydrogen and oxygen as determined is present in the incidental or free moisture 
accompanying the coal. In comparing coals on the basis of their ultimate 
analysis, this fact is to be given due weight. 


Moisture—That constituent part, largely made up of water, in a 
substance, which is separated from it in analysis under specified 
conditions of drying. In the case of coal, the loss. incurred by 
heating at 105° C. in accordance with the Standard Methods of 
Laboratory Sampling and Analysis of Coal (Serial Designation: 
D 22) of the American Society for Testing Materials? As 
occurring in coal, moisture may or may not be apparent to the 
eye and touch. 

1 Criticisms of these Tentative Definitions are solicited and should be directed to Mr. W. A. Selvig, 


Secretary of Committee D-5 on Coal and Coke, U.S. Bureau of Mines, 4800 Forbes St., Matai Pa. 
21924 Book of A.S.T.M. Standards. 
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Volatile Matter.—In the case of coal, that portion (exclusive of mois- 
ture) which is driven off by destructive distillation under the 
conditions specified in the Standard Methods of Laboratory 
Sampling and Analysis of Coal (Serial Designation: D 22) of the 
American Society for Testing Materials.1_ It is not contained in 
the coal as such, but is formed by decomposition, and consists of 
combustible matter (tars and gases) and incombustible matter 
whose respective proportions vary with the type of coal. 

Fixed Carbon.—In the case of coal, the solid residue, other than ash, 
obtained by destructive distillation under the conditions speci- 
fied in the Standard Methods of Laboratory Sampling and 
Analysis of Coal (Serial Designation: D 22) of the American 
Society for Testing Materials.!. It is made up principally of car- 
bon, but contains also appreciable quantities of sulfur, hydrogen, 
nitrogen and oxygen. 

Ash.—Inorganic residue remaining after complete ignition of com- 
bustible substances. In the case of coal, the residue after igniting 
under the conditions specified in the Standard Methods of Labora- 
tory Sampling and Analysis of Coal (Serial Designation: D 22) 
of the American Society for Testing Materials.! 


NotTe.—The ash as thus determined is less in amount than that of the 
actual incombustible constituents of dry coal owing to chemical changes which 
occur in these by burning. 


11924 Book of A.S.T.M. Standards. 


TENTATIVE SPECIFICATIONS 
FOR 
STRUCTURAL DOUGLAS FIR! 


' Serial Designation: D 23 —- 20 T 


This is a Tentative Standard only, published for the purpose of eliciting 
criticism and suggestions. It is not a Standard of the Society and until its 
adoption as Standard it is subject to revision. 


IssuED, 1916; REVISED, 1920. 


1. (a) These specifications describe the properties and 
factors which must be considered in the production of material 
wherein uniformity in strength, hardness and durability are 
required. 

(b) The specifications are divided into two parts: 

A. Dense Douglas Fir, describing the method of 
selecting material for density; : 

B. Structural Grades, covering the production of 
structural timbers. 


A. DENSE DOUGLAS FIR. 
I. DEFINITIONS. 


2. The following definitions are used in connection with 
these specifications: 

(a) Annual Ring.—Each annual ring is composed of two 
distinct types of wood structure: namely, the porous, light- 
colored and light-weight spring wood formed during the first 
part of the growing season and the hard, dense and darker colored 
summer wood formed during the latter part of the growing 
season. 

(6) Summer Wood.—Summer wood is the hard, dense 
portion of the annual ring. It is darker in color than the more 
porous spring wood. 


1 Criticisms of these Tentative Specifications are solicited and should be directed, prefer- 
ably before January 1, 1926, to Mr. J. A. Newlin, Secretary of Committee D-7 on Timber, 
Forest Products Laboratory, Madison, Wis. 


(S17) 
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(c) Dense Douglas Fir—This term is applied to a class of 
material selected with reference to the density of its wood 
substance content. It shall be understood that this term is 
descriptive of the quality of the clear wood. 


II. PHYSICAL PROPERTIES. 

3. Dense Douglas fir shall show on one end or the other an 
average of at least six annual rings per inch and at least one-third 
summerwood measured over 3 in. on a line located as described 
hereinafter. Coarse-grained material, excluded. by this rule, 
shall be acceptable provided that the amount of summerwood 
measured as described shall be at least one-half. Material in 
which the proportion of summerwood is not clearly discernible 
shall not be accepted. 

4. Any timber whose least dimension is less than 5 in. 
shall not show the pith on the inspection end; pieces whose 
least dimension is 5 in. or more may contain the pith. 

5. (a) Pith Present—When the least dimension ig 5 in. 
or more, the pith being present, the line over which the rate of 
growth and percentage of summerwood measurements shall be 
made, shall run from the pith to the corner farthest from the 
pith. The 3-in. line shall begin at a distance from the pith 
equal to 2 in. less than one-half the least dimension of the piece. 

When the rings are very irregular it may be necessary to 
shift the line somewhat around the piece to get a fair average for 
inspection, but the distance from the pith to the beginning of the 
3-in. line must not be changed. 

(b) Pith not Present.—For all pieces where the pith is not 
present the center of the 3-in. line shall be at the center of the 
end of the piece, and the direction of the 3-in. line shall be at 
a right angle to the annual rings. 

(c) If a radial line of 3 in. cannot be obtained, the measure- 
ment shall be made over the entire radial line that is available. 


B. STRUCTURAL GRADES. 
III. DEFINITIONS. 

6. The following definitions are used in connection with 
these specifications: 

(a) Sound and Tight Knot.—A sound and tight knot is one 
which is solid across its face and which is as hard as the wood 
surrounding it; and is so fixed by growth or position that it will 
retain its place in the piece. 
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(b) Encased Knot.—An encased knot is one whose growth 
rings are not intergrown and homogeneous with the growth 
rings of the piece it is in. The encasement may be partial or 
complete; if intergrown partially or so fixed by growth or posi- 
tion that it will retain its place in the piece, it shall be considered 
a sound and tight knot. 

(¢) Loose Knot.—A loose knot is one not firmly held in 
place by growth or position. 

(d) Rotien Knot.—A rotten knot is one not as hard as the 
wood it is in. 

(e) Measurement of Knots.—In beams, the diameter of a 
knot on the narrow or horizontal face shall be taken as its pro- 
jection on a line perpendicular to the edge of the timber. On the 
wide or vertical face, the smallest dimension of a knot shall be 
taken as its diameter. 

In posts, the mean or average dimension of a knot or. any 
face shall be taken as its diameter. 

(f) Ring Shake.—A ring shake is an opening between two 
annual rings. 

(g) Round Shake.—A round shake is a ring shake extending 
entirely around the perimeter of an annual ring. 

(h) Measurement of Shake —A round or ring shake shall be 
measured on its vertical projection. , 

(i) Diagonal Grain (Including Cross and Spiral Grain).— 
Diagonal grain is grain not parallel with all the edges of the 
piece, whether indicated by the direction of the annual rings or 
of the wood fibers. 


IV. MANUFACTURE. 


7. Structural grades shall be of sound wood and well manu- 
factured, with square edges. 


V. PHYSICAL PROPERTIES. 
8. The purchaser shall list materials under their different 


uses, so that material of the desired requirements may be fur- 
nished. 


(A) General Requirements. 


9. (a) For the limitation of knots and angle of grain a 
beam shall be considered as divided into three volumes as 
shown in Fig. 1. 

(6) When beams are specified by the purchaser as of two- 
span length, volumes 1 and 2 shall be considered as extending 
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between points located one-eighth the length of the beam from 
each end. 

10. Structural timber shall be free from rotten or unsound 
knots or knots in groups or clusters. Sound and tight knots, 
limited in size and position as hereinafter provided, will be 
permitted. 

11. (a) Beams shall not have diagonal or spiral grain in 
volumes 1 and 2 with slope greater than 1 in 20. 

(b) Posts shall not have diagonal or spiral grain with slope 
greater than 1 in 15, unless otherwise specified by the purchaser.! 

12. Round or ring shakes shall not occupy more than one- 
fourth the least dimension of either end of a timber. Any 
combination of checks or shakes which reduce the strength to a 
greater extent than the allowable round shakes will not be 
permitted. - Shakes shall not show on any face of a timber. 

13. Defects in timber listed as tension members shall be 
limited as in beams, unless specified by the purchaser to be 


Fic. 1. 


limited throughout the entire stick as in volumes 1 and 2 of 
beams.? 

14. If specified by the purchaser, bridge and trestle timbers . 
shall have the following heart requirements. 

(a) Beams, stringers, girders and deep joists, caps, sills and 
posts shall show not less than 85 per cent of heart on each of the 
four sides, measured across the sides anywhere in the length of 
the piece. 

(6) Longitudinal struts or girts shall show all heart on one 
face; the other face and two sides shall show not less than 85 
per cent of heart, measured across the face or side anywhere in 
the length of the piece. 

(c) Longitudinal cross braces, sash braces and sway braces 
shall show not less than 85 per cent of heart on two faces. 


(B) No. 1 Structural. 


15. No. 1 structural Douglas fir timbers shall be of dense 
Douglas fir and shall meet the preceding General Requirements. 


1 See Appendix, Section 4. 
2 See Appendix. Section 2. 
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(b) When pith is not present. 
Fic. 2.—Density Measurement, Showing Location of 3 in. Line 
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4.—Measurement of a Knot, Measurement Perpendicular to the Edge 
of the Timber. 


Fic. 5.—Measurement of a Knot on its Smallest Diameter. 
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16. They may have pitch pockets not over 6 in. long or Pitch Pockets 
8 in. wide and wane not to exceed 1 in. on one corner nor one-sixth #24 Wane. 
the length of the piece. 

17. (a) Loose Knots——Loose knots larger than 4 in. shall Knots. 
not be permitted. 

(b) Beams, Stringers, Girders and Deep Joists—Beams, 
stringers, girders and deep joists shall not have in volumes 1 and 
2 knots greater in diameter than one-fourth the width of the 
face in which they occur with a maximum of 13 in. in diameter. 
They shall not have in volume 3, on either end of the center 
half of a beam, knots larger than one-fourth the width of the 
face in which they occur. Knots within the center half of the 
length of a beam shall not exceed in the aggregate the width of 
the face in which they occur. 


Fic. 6.—Measurement of a Spike Knot, Measurement Perpendicular to the 
Edge of the Timber. 


(c) Caps, Sills and Posts.—Caps, sills and posts shall be 
free from knots larger than one-fourth the width of the face in 
which they occur, with a maximum of 3 in. in diameter. 

(d) Longitudinal Struts or Girts——Longitudinal struts or 
girts shall be free from knots over 2 in. in diameter. 

(e) Longitudinal Cross Braces, Sash Braces and Sway Braces. 
—Longitudinal cross braces, sash braces and sway braces shall 
be free from knots larger than one-third the width of the face 
in which they occur, with a maximum of 2 in. in diameter. 
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(C) No. 2 Structural. 


General 18. No. 2 structural timbers shall meet the preceding 
Requirements. General Requirements and shall include timbers not passing the 
No. 1 grade because of having: | 
(a) Less density than is required; or 
(b) greater defects than are permitted. 
Pitch Pockets _19. They may have pitch pockets not longer than 12 in. 
and Wane. = or wider than 3 in. and may have 2 in. wane on one corner or the 
equivalent on two or more corners of 10 by 10-in. timbers, with 
wane in proportion on smaller or larger sizes. 


Fic. 7.—Measurement of the Mean Diameter of a Knot. 


Knots. 20. (a) Loose Knots.—Loose knots larger than one-half the 
size of the knots allowed shall not be permitted. . 

(b) Beams, Stringers, Girders and Deep Joists.—Beams, 
stringers, girders and deep joists shall not have in volumes 1 
and 2 knots greater in diameter than as follows: 

(1) If of dense Douglas fir, one-third the width of the face 
in which they occur with a maximum of 3 in. 

(2) If not of dense Douglas fir, one-fourth the width of the 
face in which they occur with a maximum of 14 in. 

They shall not have in volume 3, on either end of the center 
half of the beam, knots larger than one-third the width of the 
face in which they occur. They shall not have loose knots in 
volume 3 larger than 13 in. Knots within the center half of the 
length of a beam shall not exceed in the aggregate twice the 
width of the face in which they occur. 
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(¢) Caps and Sills —Caps and sills shall be free from knots 
larger than one-half the width of the face in which they occur 
with a maximum of 3 in. in diameter. 

(d) Posts——Posts shall be free from knots greater in diam- 
eter than as follows: | 

(1) If of dense Douglas fir, one-third the least dimension 
of the post with a maximum of 4 in. 

(2) If not of dense Douglas fir, one-fourth the least dimen- 
sion of the post with a maximum of 3 in. 

(e) Longitudinal Struts or Girts—Longitudinal struts or 
girts shall be free from knots over 2 in. in diameter. 

(f) Longitudinal Cross Braces, Sash Braces and Sway Braces. 
—Longitudinal cross braces, sash braces and sway braces shall 
be free from knots larger than one-third the width of the face in 
which they occur with a maximum of 2 in. in diameter. 


VI. STANDARD SIZES. 
21. Rough timbers shall be sawed to standard size and when 
green shall not bemore than fin. less than the nominal size specified. 
22. When timbers 4 by 4 in. or larger are ordered sized, they 
may when green be 3% in. less than the nominal size specified, 
either S1S1E or S4S, unless otherwise specified. 


APPENDIX. 


The following information as to working stresses and the 
use and application of the Specifications for Structural Douglas 
Fir is important to a proper understanding of the specifications 
and is given below in the form of an Appendix to the Specifica- 
tions. ‘The appendix is not, however, a part of the specifications. 


WORKING STRESSES. 
1. The following working stresses are based upon recom- 
mendations by the Forest Products Laboratory, U. S. Forest 
Service, for Structural Douglas Fir: : 


No. 1 STRUCTURAL. No. 2 STRUCTURAL,! 
Bending: Extreme Fiber Stress? 
Veet Location 2 PON Fin. ra. 1 100 lb. per sq. in. 900 Ib. per sq. in. 
Ontside Location ;’.. ic.accae Poe OCs oh ay LT SOOr ae ey 
DirvsLocation,,..cira doceelen deG Ouse oie canted $8003 soaheuin st 


1JIn this grade pieces of exceptionally low density should not be placed in positions where 
they will receive long-continued loads producing maximum allowable stresses. 

2 Where timbers are in direct tension the same values as for extreme fiber stress in bending 
may be used. Wood has greater resistance to tension than to any other kind of stress and it 
has been found difficult to break it in a true tension test. 


Standard Size 
Rough. 


Standard Size 
Green. 
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No, 1 STRUCTURAL. No. 2 STRUCTURAL, 
Maximum Shear: | 
Horizontal, All Locations'... 100 lb. per sq. in. 90 Ib. per sq. in. 
Compresston: 
Parallel to Grain? 
Wet Location......... PE RMOO vs cele ae goo * #8 “ 
+ Qutside Location t#'. ts ie bbO04 Foci 900 “ & ‘ 
Dry Location 2h. sic ene PDO aly fn bk ian 1,000 3 a 
Perpendicular to Grain 
Wet LOCAtION Seats. wee coe on tse ei 200% Paes 
Outside Location......... SS OU OTS 225 % & rT 
Dryocation nee ees 50 ity | chad? 300 * § “ 
Elasticity: 
Average Modulus, All Loca- 
tionst. Guy wasn hit 2 0!!1°600000) (e881 15400 000n a iii 


UsE OF THE DENSITY AND STRUCTURAL GRADING RULES. 


2. When timbers to be used in direct tension are designed 
for full working stresses, defects throughout the entire stick 
should be limited as in volumes 1 and 2 of beams. 

3. When beams are of two-span length, volumes 1 and 2 
should be considered as extending between points located one- 
eighth the length of the beam from each end. 

4. When posts are designed for less than full working stresses, 
the angle of grain may be increased proportionately to the reduc- 
tion in stress; that is, with a working stress one-half the full 
working stress allowed, the angle of grain may be 1 in 73. 

5. Dense material may be obtained in any commercial grade 
and independently of structural properties; density should be 
required where strength or resistance to abrasion or decay are 
factors. 

6. For sills, caps, plates and other members where bending 
stresses are low compared with compression across the grain, 
density should be required but special limitation as to sound 
knots and angle of grain is not necessary. 

1 These values are based on present inadequate information concerning the effect of season- 
ing on shearing values in Douglas fir, further investigation in regard to which is now under way. 

2 A short column is more likely to fail at the end than at any other point and the variations 
in moisture are greater there; for these reasons the same stresses should be used in end bearing 
as for short columns. For “long columns,”’ that is, compression members with an unsupported 
length greater than about ten times their least diameter, these values should be reduced accord- 
ing to acolumn formula. Such formulas are given and discussed in the various text-books on 
mechanics, and in treatises on structural design. 

3 Timber constantly yields under long-continued heavy loading, and will fail finally at a 
load little more than half that required to break it when applied rapidly in a test; for application 


to a beam which is to be subjected to long-continued loading, therefore, moduli of elasticity one- 
half those given above should be used. 
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7. For posts, where large sizes are required for harmony 
with the balance of the construction and where resistance to 
decay is not an important factor, timbers without density require- 
ment may be used. 

8. For studding and wall construction, where the spacing 
of members is governed by requirements for nailing or supports 
to wall covering, commercial grades without density requirement 
may be used. 

9. For joists, where stiffness is a controlling factor rather 
than bending stresses or resistance to decay, density need not 
be required, there being only slightly greater stiffness in dense 
material. 

10. Heartwood and sapwood are of equal strength but when 
durability is a factor, as in exposure to decay-producing condi- 
tions, sapwood should be limited or all heartwood be required. 


INSPECTION OF STRUCTURAL GRADES. 


11. The rules for structural grades contain minimum require- 
ments and maximum defects, all of which may be present at 
one time; when a particular timber is slightly below the provi- 
sions of the grade in some of these properties and somewhat 
above in others the relative effect should be considered in accept- 
ing or rejecting it. 


REINSPECTION OF DENSE DOUGLAS FYIr. 


12. No arbitrary rules for the inspection of lumber can be 
maintained with satisfaction. Inspection of lumber is not an 
exact science, and a reasonable variation of opinion between 
inspectors should be recognized. 

13. Upon reinspection of dense Douglas fir, all timbers 
having one-third or more summerwood shall be accepted as of 
grade. For every three timbers thus accepted, one of the remain- 
ing timbers having between 30 and 33% per cent summerwood 
shall also be included. 

14. Any remaining material having more than 30 per cent. 
summerwood, and also all material found to have less than 30 
per cent, shall be received as not of grade, with settlement subject 
to agreement between shipper and purchaser. 


TENTATIVE METHODS OF TESTING SMALL CLEAR 
SPECIMENS OF TIMBER! 


Serial Designation: D 143-24 T 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. 


ISSUED, 1922; REVISED, 1924. 


The everyday use of timber for multitudinous purposes makes mani- 
fest acontinual need of data on its mechanical properties. The great 
variety of species, the variability of the material, the continually changing 
conditions of supply, the many factors affecting test results, all combine to 
make the technique of testing wood unique in its complexity. 

In the preparation of this procedure for testing small clear specimens, 
consideration was given both to the desirability of adopting methods which 
would yield results comparable to those already available and to the possi- 
bility of embodying such improvements as experience has shown desirable. 
In view of the many thousands of tests made under a single compre- 
hensive plan by the U. S. Forest Service, the Forestry Branch of the 
Department of the Interior, Canada, and other similar organizations, the 
procedure naturally conforms closely to the methods used by these institu- 
tions. This procedure is the outgrowth of a study of both American and 
European experience and methods. Its general adoption will tend toward 
a world-wide unification of results, permitting an interchange and correla- 
tion of data, and will establish the basis for a cumulative body of funda- 
mental information on the timber species of the world. 

The methods under consideration represent the entire procedure from 
selection of the trees to the manipulation of the test, thus controlling 
factors, such as the size and proportion of test specimens and rate of load- 
ing, which may influence results. No attempt has been made to cover 
methods of computation and analysis, as these questions may be consid- 
ered independently at any time. Such sample data and computation 
sheets and cards have been incorporated, however, as were thought to be 
of assistance to the investigator in systematizing records. 


Purpose of 1. Tests on small clear specimens of wood are made to afford: 
peer (a) Data for comparing the mechanical properties of various 
species. 


1 Criticisms of these Tentative Methods are solicited and should be directed, preferably before 
January 1, 1926, to Mr. J. A. Newlin, Secretary of Committee D-7 on Timber, Forest Products 
Laboratory, Madison, Wis. 
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(b) Data for the establishment of correct strength functions 
which, in conjunction with results of tests of timbers in structural 
sizes,! afford the basis for fixing allowable stresses. 

(c) Data upon which to determine the influence on the mechanical 
properties of such factors as density, locality of growth, position in 
cross-section, height of timber in the tree, change of properties with 
seasoning, and change from sapwood to heartwood. 

2. The principal mechanical tests are static bending, com- 
pression parallel to grain, impact bending, compression perpendicular 
to grain, hardness, shear parallel to grain,? tension perpendicular to 
grain, cleavage, and tension parallel to grain. ‘These tests are made 
on both green and air-dry material as hereinafter specified. In 
addition, such physical properties as specific gravity, radial shrink- 
age, tangential shrinkage, and shrinkage in volume are determined. 


MATERIAL. 
I. COLLECTION. 
(A) Selection. 


3. The material shall be from trees selected in the forest by one 
qualified to indentify the species. 

4, For each species to be tested from a given locality, at least 
five representative trees of merchantable size and of approximately 
average age shall be selected. 

5. The material from five trees of each species from a given 
locality shall be selected as follows: 

(a) From one tree, the entire merchantable bole, if not over 
16 ft. in length;? if over 16 ft. in length, four 4-ft. sections or bolts, 
the first to be taken at the stump, the second and third at distances 
of one-eighth and three-eighths, respectively, of the merchantable 
length above the stump or as near thereto as possible; and the 
fourth at the top of the merchantable length. 

(6) From two trees, the 8-ft. section next above the 8-ft. 
butt log. 

(c) From two trees, the 4-ft. section next above the 12-ft. 
butt log. 

1See Tentative Methods of Conducting Static Tests of Timbers in Structural Sizes (Serial Desig- 
nation: D 198 —24 T) of the American Society for Testing Materials, p. 565. 

2 The test for shearing strength perpendicular to the grain (sometimes termed ‘‘ vertical shear’’) 
is not included as one of the principal mechanical tests since in such a test the strength is limited by 
the shearing resistance parallel to the grain. 

3 This tree is intended to furnish test material for studying, among other things, the variation of 
properties with height in trees and provides for this purpose a 4-ft. section from different heights. 


Experience has shown that four sections or bolts, each 4 ft. in length, will usually be sufficient for 
studying the influence of height in tree on the mechanical properties. 


Kind of 
Tests. 


Authentic 
Identification. 
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Number of 
Trees. 
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Selection 6. In cases where the logs or bolts are over 36 in. in diameter, 
from Small 4 single flitch 6 in. in thickness, taken through the pith in a north 
and south direction and representing the full diameter of the log, 
may be substituted, in the same length, for the full log or bolt 
specified in Section 5. 
Fic. 1.—Section of Log Selected for Test Material. 
Substitution 7. When the trees are relatively small in diameter, material in 


arene addition to that provided for in Sections 5 and 6 shall be collected, 


whenever possible, to insure a sufficient number of tests to give a 
good average for the species. 
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(B) Field Marking. 


8. Each tree shall be given an arabic number, the numbering in 
any given shipment to be consecutive for trees of a given species. 

9, Each 4 ft. of length of a tree or log shall be considered a “‘ bolt.” 
Bolts shall be designated by small letters, beginning with a for the 
4-ft. section next above the stump. Bolt letters, therefore, indicate 
position with respect to height in tree. 

10. The tree number and bolt designation shall be plainly marked 
upon each log selected by the collector. ‘Thus the 16-ft. butt log of 
Tree No. 2 would be designated 2abcd. Steel dies are recommended 
for marking the butt end of the logs. 

11. The north side of each log shall be indicated in some con- 
venient manner. 

12. All material collected from a given locality and shipped at 
one time shall be given a shipment number or other designation. 


TABLE I.—SHIPMENT DESCRIPTION FIELD NOTES. 
Project No., 124 Shipment No., 323 


Tree No., 10 Species, Lodgepole pine 
Locality cut: State, Montana County, Jefferson 
Township, 6 N., R.7 W., M. P. M. Date cut, Oct. 10, 1914 
Slope, Moderate Absolute elevation, 6600 ft. Aspect, southeasterly 
Undergrowth, None Soil, Deep, fresh-decomposed granite 
Height, 73.9 ft. Seedling or sprout, Seedling Age, 140 
Crown, Length 25 ft., width 12 ft. DB wold t7. 


Stem, Sound, smooth, clear, length 20 ft. Date sawed, Oct. 10, 1914 
How and when transported from woods, By sleigh and wagon, Oct. 13 to 15, 1914. 


List OF SPECIMENS SAWED. 


Diameter Inside Bark. Weight 
Log No.. Bolts. sireage Volume. yee Oct. 15, 
Butt, in. Top, in lb. 
1 bed 12.1 11 9.6 336 
2 efg 12.1 9.6 8.9 289 
3 hij 12.1 8.9 aa 242 
4 klm 12.1 thes 6.1 176 
5 nop 12.1 6.1 3.1 95 
REMARKS:' Stump height, 1.0 ft. Butt off on account of frost crack 3.0 ft. Length 


of top above last section taken, 9.4 ft. Total age, 140 years. Tree was dominant through- 
out life. Rate of growth, regular and good average for Site I. Lower slope type, although 
of more than average height for the age and diameter found on poorer sites 


(C) Field Descriptions. 


13. (2) Complete field notes describing the material shall be 
fully and carefully made by the collector. These notes shall in 
general, supply data as outlined in Table I, 


Tree 
Designation. 


Bolt 
Designation. 


Manner of 
Marking. 


Cardinal 
Point 
Indicated. 
Shipment 
Number. 


Field 
De scription, 


532 TENTATIVE METHODS OF TESTING CLEAR TIMBER SPECIMENS 


(b) Photographs of the standing trees selected shall be taken. . 


(D) Preparation for Shipment. 


Preparation 14. (a) The bark will be left on each log, and care shall be taken 
for Shipment. +o keep the bark intact. ‘The ends of the logs shall be carefully 
painted to retard or prevent end drying and end checking. 

(b) Record shall be made of the shipment routing, bill of lading, 


North 


FIG. 2.—Sketch Showing Method of Cutting up the Bolt 
and Marking the Sticks. 


kind of shipment, date of shipment, and condition of material when 
shipped. 


(c) Record shall also be made of date of receipt of shipment at 
destination, its condition and method of storage. 


II. DISPOSITION. ‘ 
(A) Storage of Logs at Destination. 


Storage of 15. Material shall not be kept in the bolt or log form long enough 
ane: to permit damage by checks, decay, stains, or insect attack. The 
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logs shall be piled on skids, free from contact with the soil, and shall 
not be stored where subjected to artificial heat. In addition they 
should preferably be protected from the sun. 


(B) Photographing, Sawing and Final Marking. 


16. The top end of each d or c-d bolt shall be photographed. It Photograph- 
is suggested that a rule be so placed on the log as to indicate the scale made © st 
of the photograph and that the cardinal points be indicated on the 


cross-section. Fig. 1 shows a photograph of this kind. 


- 


Fic. 3.—Cross-Sections of Bending Specimens Showing Different Rates of Growth 
of Longleaf Pine (2 by 2-in. Specimens) 


17. (a) All bolts shall be marked on the top end into 23 by 23-in. sawing of 
squares as shown in Fig. 2, and sawed into nominal 23 by 23-in. sticks. Bolts. 
The letters V, E, S, and W indicate the cardinal points. 

(6) When flitches are substituted for bolts (Section 6), the same 
general marking and numbering scheme of Paragraph (a) shall be 
followed in so far as it is applicable. : 

18. All test sticks shall bear the shipment number, the tree Marking of 
number, stick number, and bolt designation, to be known respectively Test Sticks. 
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| Composition 
Bolts. 


Schedule for 
Forming 
Cémposition 
Bolts. 


Green 
Material. 


as Shipment No., Piece No., Stick No., and mark. Thus 400-1-N4d 
represents Stick N4 of Bolt d, Tree 1, Shipment 400. 


(C) Matchix for Air-dry Tests. 


19. In the tests made to determine the effect of air-drying on 
strength, the sticks from the ¢ bolt shall be interchanged with those 
of the d bolt of the same tree to form two composition bolts, each 
composition bolt being complete and being made of equal portions 
of c and d bolts.1. The sticks from one of these composition bolts’ 
shall be tested green and those from the other shall be tested after 
air drying. ‘The sticks tested either green or air dry shall be regarded 
as if they were from the same bolt. 

20. The division of green and air-dry sticks shall be made accord- 
ing to the following schedule in which the numbers refer to stick 
numbers: 


Composition Bolt to be Tested Green.— 


cower Dole 60) a ee Sy ii aa 1 4,5 8, 9 
Upper bolt id acc nviay eine ait scly bs\s sveqautle 26 6,7 10, etc. 


Composition Bolt to be Air Dried and Tested.— 


Lower bolt. 20 ee ee ean sib ee gi5 6,7 10, etc. 
Uppersbolt diate ey aie 1 4,5 8,9 


(D) Disposition of Sticks. 


21. The sticks (24 by 2% in. by 4 ft.) to be tested green shall be 
kept in an unseasoned condition while awaiting preparation for test 
by being stored in a framed pit or other suitable container, where they 
shall be close piled and covered with damp sawdust or in some other 
suitable manner. As material is required for test, it shall be removed 
from this pit, or container, surfaced on all four sides to 2-in. by 2-in. 
in cross-section, sawed to test size and kept covered with a damp 
cloth, in an air-tight container at a temperature of about 70° F. (as 
nearly as practicable) until the time of test. Care shall be taken to 
avoid as much as possible the storage of green material in any form. 
Sticks to be tested in a green condition should usually not be sawed 
from the log form in quantities greater than is required to meet the 


1 The 8-ft. section (¢ and d bolts) from each of the two trees provided for under Section 5 (6) is 
intended for tests to detérmine the effect of air drying on strength. 
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testing demands for from a few days to not more than two weeks, 
depending on the prevailing conditions. 

22. (a) The ends of the sticks to be air dried (24 by 2% in. by 
4 ft.) shall be dipped in melted paraffin or other substance suitable to 
retard checking. The material shall be piled so as to have a space 
of at least $ in. on each side of each stick to permit circulation of air. 
The material shall be stored in a place allowing free access of air, but 
protected from sunshine, rain, snow, and moisture from the ground. 
The sticks in drying shall not be subjected to artificial heat. 

(b) All of the sticks from each composite bolt to be air dried 
shall be weighed when stored and at sufficiently frequent intervals 
thereafter to get accurate data on the progress of seasoning. No 


3 


Fic. 4.—Tangential Surfaces of Bending Specimens of Different Rates of Growth of 
Jeffrey. Pine (2 by 2 by 30-in. Specimens). 


material shall be considered thoroughly air dried and properly con- 
ditioned for testing until practically constant weight has been reached. 
(Wood absorbs and gives off moisture with changing atmospheric 
conditions, consequently it never comes to absolutely constant weight.) 

(c) When the material has reached equilibrium, moisture sec- 
tions 1 in. in length shall be taken from about 10 per cent of the 
sticks to determine the actual moisture content. These moisture 
specimens shall be cut not less than 1 ft. from the ends of the sticks, 
and. in such a way as to prevent any appreciable loss of material for 


testing. When thoroughly air dry, the material shall be surfaced on 


four sides to 2 in. by 2 in. in cross-section and tested. 
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TESTING. 
III. ORDER, SELECTION, AND NUMBER. 
(A) Order. 


23. The order of tests in all cases shall be such as to eliminate 
as far as possible from the comparisons the effect of changes in the 
specimen due to such factors as storage and weather conditions. 


(B) Selection. 


24. In case the material from a given bolt should be insufficient 
to furnish all the test specimens hereinafter required, the preferential 
order of mechanical tests to be used in selecting specimens shall be as 
follows: Static bending, «ompression parallel to grain, impact bend- 
ing, compression perpendicular to grain, hardness, shear parallel to 
grain, tension perpendicular to grain, cleavage, and tension parallel 
to grain. 

25. In many cases where a shortage of material exists, certain 
test specimens may be taken from the uninjured portion of the static 
and impact bending specimens remaining after test, provided proper 
care is used in the selection. 

26. Only clear straight-grained material, free from decay and 
other defects, shall be used for the tests. However, small knots and 
other similar defects may be admitted in such specimens as static 
bending when their location is such that it is certain they will not in 
any way influence the failure or otherwise affect the strength of the 
specimen. 


(C) Number of Tests for Each Bolt. 


27. One static bending specimen shall be taken from each pair 


of sticks. A pair consists of two adjacent sticks equi-distant from 


the pith, as W3 and W4, Fig. 2. In the composite bolts tested to afford 
a comparison of the strength of green and air-dry material, the pair 
of sticks shall be constituted as above, except that the sticks in this 
case will be from different bolts. Thus W3d and W4c constitute one 
pair of sticks to be tested green, and W3c and W4d the corresponding 
pair to be tested air dry (Section 20). 

28. One compression-parallel-to-grain specimen shall be taken 
from each stick. Load-compression curves shall be taken on 20 per 
cent of the specimens. | 

29. Eight impact-bending specimens shall be taken from each 
bolt, selection being made from the sticks remaining after obtaining 
the static bending tests. ‘Two of the specimens shall be selected from 
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near the pith, two from near the periphery, and four which are repre- 
sentative of the cross-section. : 

30. One compression-perpendicular-to-grain specimen shall be 
taken from each of 50 per cent of the sticks selected for static bending. 

31. One hardness specimen shall be taken from each of the other 
50 per cent of the static-bending sticks. 

32. Eight shear-parallel-to-grain specimens shall be selected from 
the unused portion or ends of four sticks from which bending speci- 
mens have been selected. Two specimens shall be taken from near 
the pith, two from near the periphery, and four that are representative 
of the average growth of the cross-section of the bolt. One of each 
pair of specimens from the same stick shall be tested in radial shear 
(surface of failure radial) and the other in tangential shear (surface 
of failure tangential). 

33. Eight tension-perpendicular-to-grain specimens shall be se- 
lected from four sticks in a manner similar to that for shear (Section 
32). One of each pair of specimens from the same stick shall be 
tested in radial tension (surface of failure radial) and the other in 
tangential tension (surface of failure tangential). 

34. Eight cleavage specimens shall be selected from four sticks 
in a manner similar to that for shear (Section 32). One of each pair 
of specimens from the same stick shall be tested in radial cleavage 
)surface of failure radial) and the other in tangential cleavage (surface 
of failure tangential). 

35. Four tension-parallel-to-grain specimens shall be chosen of 
_ which one shall be selected from near the pith, one from near the 
periphery and two which are representative of the cross-section. 

36. Six specific gravity and shrinkage-in-volume specimens shall 
be selected from the unused portion of bending or tension-parallel-to- 
grain sticks, selected so as to give one from near the pith, one from 
near the periphery, and four that are representative of the average 
growth of the cross-section of the bolt. These specimens shall be 
selected only from the sticks to be tested in a green condition. 

37. Two radical shrinkage specimens shall be obtained from each 
d bolt. ‘They shall be cut from the “sectors” or ‘“quadrants”’ re- 
maining after sawing (Fig. 2) or from disks cut from near the end of 
the bolt. When a disk is used, care must be taken to see that it is 
green, and has not been affected by shrinking and checking which is 
common near the end of the bolt. The specimens shall not be sur- 
faced. Radial shrinkage specimens shall be cut with their width in 
the radial direction. One shall be taken from the heartwood, and the 
other from near the periphery. When possible, the second shall con- 
sist entirely of sapwood. 
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38. Two tangential shrinkage specimens shall be obtained from 
each d bolt. They shall be selected at the same time and in a manner 
similar to radial-shrinkage specimens (Section 37), except the width 
shall be in a tangential direction. The specimens shall not be sur- 
faced. One shall be taken from the heartwood, the other from near 
the periphery and when possible shall consist entirely of sapwood. 
The heartwood and the sapwood specimens shall be taken adjacent 
to the respective specimens selected for radial shrinkage. 


WOO 


Fic. 5.—Diagrammatic Sketch of Method of Conducting Static Bending Test. 


IV. GENERAL INSTRUCTIONS. 


(A) Photographs of Sticks. 


39. Four of the bending sticks from each species shall be selected 


Photographed. for photographing, as follows: 2 average growth, 1 fast growth, and 


Control of 
Moisture 
Content. 


1 slow growth. ‘These sticks shall be photographed in cross-section 
and on the radial and tangential surfaces. Fig. 3 is a typical photo- 
graph of the cross-section of test specimens and Fig. 4 of the tangential 
surface of bending specimens. 


(B) Control of Moisture Content. 


40. As previously specified (Section 22) sticks for test in the 
air-dry condition shall be brought to practically constant weight 
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before test. Tests shall then be carried out in such a manner that 
large changes in moisture content will not occur. (For instance, in 
ordinary heated rooms the relative humidity is usually below 30 
per cent. If wood which has been dried to practically constant 


No.8 Flat-Head_ 
Wood Screw, 1% long.-” 
4 kega. 
_-No. 8 Round Head Aa, 
Block to Fit Opening Te Wood Screw, /3 


in Movable Head of wy 
Testing Machine Used--._ 


E x 
=D ae 
a 


a long. 4 Req. 


Fic. 6.—Details of Bearing Block for Bending Tests. 


weight under the condition specified by Section 22 is brought into 
such a room, a considerable and rather rapid drying out will occur.) 
To prevent such changes, the testing room and rooms for the prepara- 
tion of test specimens should preferably have some means of humidity 
control. 
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(C) Record of Heartwood and Sapwood. 


Proportion of 


41. The estimated proportion of sapwood present shall be recorded 
Sapwood. for each test specimen. 
V. PROCEDURE. 
(A) Static Bending. 
Size of 42. The static bending tests shall be made on nominal 2 by 2 
Specimens. 


(g) (h) (1) 2) (k) 


Fic. 7.—Types of Failures: a to f, Bending; g to k, Compression Parallel to Grain. 


by 30-in. specimens. The actual height and width at the center, 
and the length shall be measured. 
Loading Span 43. Center loading and a span length of 28 in. shall be used. Both 
and Supports. supporting knife edges shall be provided with bearing plates and 
rollers having a total thickness of approximately 1] in. in order to 
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bring the neutral plane of the test specimen about 23 in. from the 
knife edges (Fig. 5.) 3 
44, A bearing block of the form and size of that shown in Fig. 6 
shall be used for applying the load. 
45. The specimen shall be placed so that the load will be applied 
through the bearing block to the tangential (flat-sawn) surface nearest 


‘the pith. 


46. The load shall be applied continuously throughout the test 
at a rate of 0.10 in. per minute. 

47. (a) Load-deflection curves shall be taken to or beyond the 
maximum load for all static bending tests. In one-third of the tests, 
the curves shall be continued to a 6-in. deflection, or until the specimen 
fails to support a load of 200 lb. 

(b) Deflections of the neutral plane at the center of the length 
shall be taken with respect to points in the neutral plane above the 
supports. 


Fic. 8.—Compression-Parallel-to-Grain Test Specimen Special Form. 


 (c) Within the elastic limit, deflection readings shall be taken to 
0.0025 in. After the elastic limit has been reached, less refinement is 
necessary in observing deflections, and these may then be read directly 
to the nearest 0.01 in. by means of a wire stretched across a scale. 
Fig. 5 illustrates the method of test and type of deflectometer recom- 
mended for deflections up to 1 in. 

(d) The load and deflection of first failure, the maximum load, and 
points of sudden change shall be shown on the curve sheet! although 
they may not occur at one of the regular load or deflection increments. 

48. Bending failures shall be classified according to the appearance 
of the fractured surface and according to the manner in which the 
failure develops. The fractured surfaces may be roughly divided 
into brash and fibrous, the term ‘‘brash” indicating an abrupt failure 


1 See Fig. 1 of the Appendix for a sample static bending data sheet form. Fig. 2 of the-Appendix 
shows a sample computation data card. 
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and the term ‘‘fibrous”’ indicating a fracture showing splinters. The 
test failures shall be classified and described as follows: 
Simple tension (see Fig. 7a); , 
Cross grain! tension (see Fig. 78); 
The presence of cross grain having a slope which deviates 
more than 1 in 20 from the longitudinal edges of the 
specimen shall be cause for culling the test. 


Fic. 9.—Diagrammatic Sketch of U. S. Forest Service Compressometer and Method 
of Conducting Compression-Parallel-to-Grain Test. 


Splintering tension (see Fig. 7c); 
Brash tension (see Fig. 7d); 
Compression (see Fig. 7e); 
Horizontal shear (see Fig. 7/). 
1 The term ‘‘cross grain"’ shall be considered to include all deviations of grain from the direction 


of the longitudinal axis or longitudinal edges of the specimen. It should be noted that spiral grain may 
be present even to a serious extent without being evident from a casual observation. 
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In case two or more kinds of failures develop, all shall be described 
in the order of their occurrence; thus, compression followed by splin- 
tering tension. The failure shall be sketched on the data sheet. 

49. The specimen shall be weighed after test and a moisture 
section 1 in. in length shall be cut near the failure. 


(B) Compression Parallel to Grain. 


50. The compression-parallel-to-grain tests shall be made (1) 
on nominal 2 by 2 by 8-in. specimens, or (2) on specimens of the 
special form shown in Fig. 8. The actual cross-section dimensions, 
or the diameter at minimum section, and the length shall be measured. 

51. The specimen with reduced cross-section (Fig. 8) will usually 
require less care preparatory to test in order to prevent crushing at 
the ends than the specimen with uniform cross-section throughout 
the length. 

52. Care shall be used in preparing the compression-parallel-to- 
grain test specimens to make the end surfaces parallel. 

53. A spherical bearing block shall be used and so adjusted for 
each test as to obtain a uniform distribution of load over the ends 
of the specimen. 

54. The load shall be applied continuously throughout the test 
at a rate of 0.024 in. per minute. 

55. (a) Load-compression curves shall be taken for a 6-in. 
central gage length on 20 per cent of the specimens. Load-com- 
pression readings shall be continued until the elastic limit is well 
passed, as indicated by the curve.!. On the other 80 per cent of the 
specimens the maximum load only will be obtained. 

(b) Deformations shall be read to 0.0005 in. 

(c) Fig. 9 illustrates a type of compressometer, using a Johnson 
dial, which has been found satisfactory for wood testing. 

56. In order to obtain satisfactory and uniform results, it is 
necessary that the failures be made to develop in the body of the 
specimen. With specimens of uniform cross-section, this result can 
best be obtained when the ends are at a very slightly lower moisture 
content than the body. With green material it will usually suffice 
to close-pile the specimens, cover the body with a damp or wet cloth 
and expose the ends for a short time. For air-dry material, it may 
sometimes be advisable to pile the specimens in a similar manner 
and place them in a desiccator should the failures in test indicate 
that a slight end drying is necessary. 


1See Fig. 4 of the Appendix for a sample compression-parallel-to-grain data sheet form. Fig. 3 
of the Appendix shows a sample computation data card. 
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57. Compression failures shall be classified and described accord- 
ing to their appearance, as follows: | 

(a) Crushing.—This term shall be used when the plane of rupture 
is approximately horizontal. See Fig. 7(g). 

(b) Wedge Split—The direction of the split, that is whether radial 
or tangential, should be noted. See Fig. 7(/). | 


Fic. 10.—Hatt-Turner 
Impact Machine, Illus- 
trating Method of Con- 
ducting Impact Bend- 
ing Test. 


(c) Shearing —This term shall be used 
when the plane of rupture makes an acute angle 
with the axis of the specimen. See Fig. 7 (2). 

(d) Splitting —See Fig. 7(7). 

(e) Compression and Shearing Parallel to 
Grain.— This failure usually occurs in cross- 
grained pieces, and should be culled as a com- 
pression test. See Fig. 7(k). The failure shall 
be sketched on. the data sheet. In addition the 
location of the failure shall be recorded along with 
its description. 

58. The specimen shall be weighed after 
test and a moisture section 1 in. in length shall 
be cut from the body near the failure. 

59. After the moisture section has been 
weighed, the number of rings per inch and the 
proportion of summer wood shall be measured 
over a representative inch of cross-section. In 
determining the proportion of summer wood, 
it is essential that the end surface be prepared so 
as to permit accurate summer wood measure- 
ment. When the fibers are broomed over at the 
ends from sawing, a light sanding, planing, or 
similar treatment of the ends is recommended. 


(C) Impact Bending. 
60. The impact bending tests shall be made 
on nominal 2 by 2 by 30-in. specimens. The 


actual height and width at the center and the length shall be 


measured. 


61. Center loading and a span length of 28 in. shall be used. 

62. A metal tup of curvature corresponding to the bearing block 
shown in Fig. 6 shall be used in applying the load. 

63. The specimen shall be placed so that the load will be applied 
through the bearing block to the tangential or flat-sawn surface 


nearest the pith. 
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64. The tests shall be made by increment drops in a Hatt-Turner Method of 
impact or similar machine. See Fig. 10. The first drop shall be 7°* 
1 in., which shall be increased by 1-in. increments until a height of 
10 in. is reached. A 2-in. increment shall then be used until complete 
failure occurs or until a 6-in. deflection is reached. 

65. A 50-lb. hammer shall be used when, with drops up to the Weight of 
capacity of the machine (about 68 in. for the small Hatt-Turner 2#™™¢ 
impact machine), it is practically certain that complete failure or 
a 6-in. deflection will result for all specimens of a species. For all 
other cases a 100-lb. hammer shall be used. 


Onl 2rau45 6 
tes pe 
Scale, in. 


Fic. 11.—Diagrammatic Sketch of Method of Conducting Compression-Perpendicular- 
to-Grain Test. 


66. Graphical drum records,! giving the deflection for each drop Deflection 
and the set, if any, shall be made until first failure occurs. This record *°°°T4* 
shall also afford data from which the exact height of drop can be scaled 
for at-least the first four falls. 

67. The height of drop causing complete failure, or a 6-in. deflec- Drop 
tion, shall be observed for each specimen. shee 

68. The failure shall be sketched on the data sheet? and described Description of 
in accordance with the directions for static bending under Section 48. Failure. 

1 See Fig. 5 of the Appendix for a sample drum record. 


4 See Fig. 7 of the Appendix for a sample impact bending data sheet form. Fig. 6 of the Appendiz 
shows a sample computation data card. 


{ 
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Weight and 69. The specimen shall be weighed after the test and a moisture 


Moisture section 1 in. in length shall be cut near the failure. 
Content. | 


(D) Compression Perpendicular to Grain. 


Size of 70. The compression-perpendicular-to-grain tests shall be made 
Specimens. on nominal 2 by 2 by 6-in. specimens. The actual height, width, 
and length shall be measured. 


Scale, in. 


Fic. 12.—Diagrammatic Sketch of Method of Conducting Hardness Test. 


Loading. 71. The load shall be applied through a metal bearing plate 2 in. 
in width, placed across the upper surface of the specimen at equal 
distances from the ends and at right angles to the length. (See 


| Fig. 11.) hy 

Placement of 72. The specimen shall be placed so that the load will be applied 
Efi through the bearing plate to a radial (quarter-sawn) surface. __ 

Rate of ae 73. The load shall be applied continuously throughout the test 


ea oe of at a rate of 0.024 in. per minute. . 
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74. (a) Load-compression curves! shall be taken for all specimens Load- 

up to 0.1-in. compression, after which the test will be discontinued. _ Sn iss 
(6) Deflection readings. shall be taken to.0.001 in. | 
75. The specimen shall be weighed after test and a moisture Weight and 


section 1 in. in length shall be cut adjacent to the part under load. aieets 
ontent. 


Scale, in. 


Fic. 13.—Diagrammatic Sketch of Method of Conducting Shear-Parallel-to-Grain 
Test, with Details of Test Specimen. 


(E) Hardness. 
76. The hardness tests shall be made on nominal 2 by 2 by 6-in. Stes of 
specimens. ‘The actual cross-section dimensions and length shall be “P°*™°"* 
measured. 


1See Fig. 8 of the Appendix for a sample compression-perpendicular-to-grain data sheet form. 
Fig. 9 of the Appendix shows a sample computation data.card,. ss, 
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Method of 77. The modified ball test with a “ball” 0.444 in. in diameter 

Test. shall be used for determining hardness. (See Fig. 12.) The load at 
which the ‘‘ball”’ has penetrated to one-half its diameter as indicated 
by the tightening of the collar against the specimen, shall be 
observed. 

Number'of 78. Two penetrations shall be made on a tangential surface, 

Penetrations. two on a radial surface, and two on each end. ‘The choice between 


Y 


Scale, in: 


Fic. 14.—Diagrammatic Sketch of Method of Conducting Tension-Perpendicular-to- 
Grain Test, with Details of Test Specimen. 


the two radial and between the two tangential surfaces shall be such 
as to give a fair average of the piece. The penetrations shall be far 
enough from the edge to prevent splitting or chipping.! 


Rate of — 79. The load shall be applied continuously throughout the test 
Application . " 

of Load. at a rate of 0.25 in. per minute. 

Weight and 80. The specimen shall be weighed after test and a moisture © 
rains section 1 in. in length shall be cut. 


1See Fig. 10 of the Appendix for a sample data and computation card. 
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(F) Shear Parallel to Grain. 


81. The shear-parallel-to-grain tests shall be made on nominal Size of 
2 by 2 by 24-in. specimens notched as illustrated in Fig. 13 to produce SPeimens- 
failure on a 2 by 2-in. surface. The actual dimensions of the shearing 
surface shall be measured. 

82. A shear tool similar to that illustrated in Fig. 13, providing Method of 
a 3-in. offset between the inner edge of the supporting surface and 1° 


Scale, in. 


Fic. 15.—Diagrammatic Sketch of Method of Conducting Cleavage Test, with 
Details of Test Specimen. 


the plane along which the failure occurs, shall be used. The load 
shall be applied and the specimen supported on end-grain surfaces. 
Care shall be taken in placing the specimen in the shear tool to see 
that the cross bar is adjusted so that the edges of the specimen are 
vertical and the end rests evenly on the support over the contact 
area. The maximum load only will be observed. 
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Rate of 83. The load shall be applied continuously throughout the test 
Dede ta ae of at a rate of 0.015 in. per minute. 

Tueht 84. The failure shall be sketched on the data card.! In all cases 
Failures. where the failure at the base of the specimen extends back onto the 


supporting surface, the test shall be culled. 


“ 


ge Sy Section 


ene SaaS 


Fic. 16.—Details of Tension-Parallel-to-Grain Test Specimen. 


pee 85. The portion of the test piece which is sheared off shall be 
used as a moisture section. 


(G) Tension Perpendicular to Grain. 


Size of 86. The tension-perpendicular-to-grain tests shall be made on 
Specimens. checimens of the nominal size and shape shown in Fig. 14. The 
actual width and length at minimum sections shall be measured. 


1 See Fig. 11 of the Appendix for a sample tangential-shear data sheet form. 
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87. The specimens shall be held during test in grips as shown 
in Fig. 14. The maximum load only shall be observed. 

88. The load shall be ‘applied continuously throughout the test 
at a rate of 0.25 in. per minute. 

89. The failure shall be sketched on the data card.! 

90. One of the pieces remaining after failure, or a section split 
along the surface of failure, shall be used as a moisture specimen. 


(H) Cleavage. 


91. The cleavage tests shall be made on specimens of the form 
and size shown in Fig. 15. The actual width and length at minimum 
section shall be measured. 

92. The specimens shall be held during test in grips as shown in 
Fig. 15. The maximum load only shall be observed. 

93. The load shall be applied continuously throughout the test 
at a rate of 0.25 in. per minute. 

94. The failure shall be sketched on the data card.? 

95. One of the pieces remaining after failure, or a section split 
along the surface of failure, shall be used as a moisture specimen. 


(1) Tension Parallel to Grain. 


96. The tension-parallel-to-grain tests shall be made on specimens 
of the size and shape shown in Fig. 16. The actual cross-section 
dimensions at minimum section shall be measured. 

97. The specimen shall be held during test by plates notched to 
fit around the test piece and under the 0.25-in. shoulder provided 
for that purpose. A spherical bearing shall beeused on at least one 
end of the specimen. Maximum load only will be observed. 

98. The load shall be applied continuously throughout the test 
at a rate of 0.05 in. per minute. 

99. The failure shall be sketched on the data sheet.’ 

100. A moisture section about 3 in. in length shall be cut from 
the minimum section near the failure. 


(J) Specific Gravity and Shrinkage in Volume. 


101 The specific gravity and shrinkage in volume tests shall 
be made on nominal 2 by 2 by 6-in. specimens. ‘The actual cross- 
section dimensions and length shall be measured. 

1 See Fig. 12 of the Appendix for a sample radial-tension-perpendicular-to-grain data sheet form. 


* See Fig. 13 of the Appendix for a sample radial-cleavage data sheet form. 
*See Fig. 14 of the Appendix for a sample tension-parallel-to-grain data sheet form. 
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102. (a) Both specific gravity and shrinkage-in-volume deter- 
nations shall be obtained on the same specimen. 

(6) A carbon impression of the end of the green specimen shall 
be made on the back of the data card.!. In like manner, a carbon 
impression of the same end shall be made after the specimen -has been 
oven dried. (See Paragraph e.) 


Fic. 17.—Method of Conducting Specific Gravity and Shrinkage-in-Volume Test. 


(c) The specimen shall be weighed when green and the volume 
shall be determined by the immersion method. 

(d) The green specimens after immersion shall be open-piled 
and allowed to air season under room conditions until approximately 
constant weight is attained. 


1 See Fig. 15 of the Appendix for a sample specific gravity and shrinkage-in-volume data card form 
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(e) The specimens shall then be open-piled in an oven and dried 
at 100° C. until constant weight is reached. 

(f) After oven drying, the specimens shall be weighed, and while 
still warm shall be immersed in a hot paraffin bath, care being taken 
to remove them quickly to insure a thin coating. 

(g) The volume of the paraffin-coated specimen shall be deter- 
mined by immersion as before. 

(h) Fig. 17 illustrates the apparatus used in determining the 
specific gravity and shrinkage in volume. 


Fic. 18.—Method of Measuring Radial and Tangential Shrinkage. 


(K) Radial and Tangential Shrinkage. 


103. The radial and tangential-shrinkage determinations shall Size of 
be made on nominal 1 by 4 by l-in. specimens. ‘The specimen shall SP¢*!™e?- 
be measured across the (4-in.) dimension in which the shrinkage is 
to be determined. 

104. The specimen shall be weighed when green and after sub- Weight. 
sequent oven drying. 

105. (a) The green specimens shall be open-piled and allowed Drying. 
to air season under room conditions until approximately constant 
weight is attained. al 

(b) The specimens shall then be open-piled in an oven and drie 
at 100° C. until constant weight is attained. 


106. Final measurement shall be made on the oven-dry specimen.! a al 
easure- 


ment. 


1See Fig. 16 of the Appendix for a sample radial and tangential-shrinkage data card form. 
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107. Fig. 18 illustrates the method of making the radial and 
tangential- shrinkage measurements. An vitig Se micrometer of 
required accuracy is suitable for this work. 


(L) Moisture Determination. 


108. The sample for moisture determinations of each test specimen 
shall be selected as heretofore described for each test. 

109. Immediately after obtaining the moisture sample, all loose 
splinters shall be removed and the sample shall be weighed. | 

110. The moisture samples shall be open-piled in an oven and 
dried at a temperature of 100° C. until constant weight is seared, 
after which the oven-dry weight shall be determined. 

111. The loss in weight expressed in percentage of the bievary 
weight as above determined shall be considered the moisture content 
of the se alae 


VI. . TOLERANCES. 
(A) Weights. 


112. The weight of test specimens and of moisture samples shall 
be determined to an accuracy of not less thant 0.2 per cent. 


(B) M easurements. 


113. Measurements of test specimens will be made to the nearest 
0.01 in. except in the case of tension parallel to grain, radial shrinkage, 
and tangential shrinkage, when measurements will be taken to the 
nearest 0.001 in. 


(C) Testing Machine Speeds. 


114. In no case shall the testing machine speed used vary more 
than 25 per cent from that specified for a given test. The load shall 
be applied continuously, without interruption, at the required speed 
throughout the test. 


VII. CALIBRATION. 


115. All apparatus used in obtaining data shall be calibrated at 
sufficiently frequent intervals to insure accuracy.! i 


1 The Society has adopted Standard Methods of Verification of Testing Machines (Serial Desig- 


: nation E 4), 1924 Book of A.S.T.M. snc: pein 


. 
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APPENDIX. 
ne Ble $18. ire) Timber Test Log Sheet 
‘U. 8. DEPARTMENT OF AGRICULTURE | 
Project No......!24 FOREST SERVICE 
Working Plan Wo, 124. ; Ship. Wo, L-SIS Stick Mo, SB. 
Station Madison, bate: Aug. 24, 19/4, 
Baboratory No. 90 831. : Piece No....4.... Mark __@ 
1700 p 


Species Douglas Fir... 
Kind of test _otatic Bending... 600 


Gratate Clear oe. s 


MORO UE eateries teedanectcootuetconscncestkwasen 1500 
Loading ——C@0FO Fi eae 


Spon... £8.10: 


To NEA Ge) nan 1400 
Dfstance between collars ...—=s—==7-...... std 
Machine... M1037... secscearenenee (Max. Load) = 20.0 5q.in. 
Speed of mach....9-105  __ in. per min... 1200 Total ) ie 59.2 5g, in. 
Weight of hammer __.zz-====...-2-2--s—- 
2 Jn. 
Height ....-.2- Mee LN a. 1100 
Width 220.0. ROO pie wind : 
ee 2 
hangth 222-0 GLQ. Ie. ceeveveveereeee 1000 
€r088-80Ct/0N .....-cerscereerenn wee nne cn enn anne “ 
Wel Mae I2EL Yo eerrnrnrenni 9 
Rings per inch .....9....-..-s.c-cece-seenee 4 
0% 
Sap wenn EE ce eecnennennenonnnnes B00 
Summerwood,..... AONE NT ares = 
Seasoning ........ CRON eid cst 700 HH 
Moisture........... “DOR 57 esate re oe 
Kind of failure. .COMmpressson._......- 600 
..-follawed by Splintering......-.. 
Fn saat ee RO LTT: Sa 500 
PE Ed Se REET 2 Rk A he etna KS 
aT a eR aa oy Reh we Pho cae 400 
Sheteb 
300 


Ot 0.2 03 0.4 0.5 4 07 
Deflection, in. 


Fic. 1.—Sample Data Sheet for Static Bending Test. 
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STATIC BENDING 
100 931 


~"UGillp Roly” hick Woy Loading saa 7 ak 
“(Piece Wey” (Matty Date. Aug. 24 -/4, apt EA ey 
Species...DQUGIAS Frit. cece wii lear we Seasoning..Green 
Rings... Bo eek Pat Opes % Moisture. 31.4 ......% 
Span.... 49 /0.._.... Length...20:/0 10.... Height €.¢¢ 12.....Width.£:0@47... Weight £2 


WORK TO WORK TO 
E. Lk. MAX. LOAD. 


ee | | a | ef Sf | 


0.628 | 0478) 54/Q..).8/20..).1756..)..292 1.0.92 1 AL. 


ee ann eer tere Deere ren reread Dd Be eee es ee ee eee 


MOISTURE 


Rings: Up.  .....----------. Mid. 3 SOD ceseenencenn nan e DISTRIBUTION. 
Sum. wood: Up. }.......--..-.- Mid. 4.c5 es Low. 4 eal ; : 
PT Cs OR EGE Et Ree EM MR eS SCE UR NT ER OR LE, 
Failure ...Gompression. Followed. by oe 
Da ER EY 3 woliptering  Jension 5! ca Ga 
$—W34 


Fic. 2.—Sample Computation Data Card for Static Bending Test. 


ae ulel: COMPRESSION PARALLEL TO GRAIN Pipe 
“(Bhip. No.) “(Stick No) S| kab. Bay 
-pitesicy ~ Geb Station... Madison... Date Aug. 25, 19/4 ~efbhy: 
Species ..... Douglas FIFA ieee ey Grade. Clear... Seasoning ..GF66M........... 
Rings Se Sap ai RA % Summerwood ....98.._...... % Moisture .......€7-6...... ..% 
Length ..... 8.0047... Cross section ....2:01 in. xX ..2.0lin. Weight _...285 ge... .. 


Max. Loap Cuausi. St. ar FE. L. Max. Crosu. St. M, ov E. Laan atZ.L. | Der. aTE.L. 


1690 | 0.4386}: 14760...) ......5220 0)... 3660.....1...../992...|.13.000_.| 0.009: 
Fatture .....: SURER. OF tTop en Bo Ee ee 
wae ga sgggg terete mr ereeeecrneneeesoenesneratnaseeneteecceneensesstscnencsectecessnsstee ceaseteatessenesse teseaneneenesess 


Fic. 3.—Sample Computation Data Card for Compression- 
Parallel-to-Grain Test. 
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, emt iby =} Timber Tost Log Shoot 
U. 8. DEPARTMENT OF AGRICULTURE 
Project No....._/24_ FOREST SERVICE 
Working Plan No. SUS Re ‘ Silp, He. Atle. emt : 
Station Madison bate Aug. 26,/9/4 
Laboratory No. [0/329 Piece No. 7 Mart _a-1 


Species D ough as Fir 


ae to Grain ~~—S~S=«S CD 
Grade ........ i) 0 leech ees pmerns 
core weececce Spabaet ae scbascecsensccnessedrase 3 0 000; ae GuOSS5 GREE 
ont ing eee otc A eee 
WOON owecnnae TERN ae eonsne-sanen= 28 00 H 
Distance between collars Pel Mee ou fees 
Witthiof plate: 2.2. — 26000 
Machine .,paaoe M1040 0. 


Speed of mach....0.. 024 


7.99 in. ‘ 
dongth______ 1.99 10... eveeseee 20000 
Cross-section... 97ihxX 200i... 

a 
Weight... 28.7 Je 
Rings per inch ....-- Se ee 
0% so 
i Suen |. co 16.000 
Summerwood 26% ° 


pewe ere e fnew eer ocen ee connne 


Seasoning —.......GfC@M. 
Moisture_............28.7 7% Za 


Kd of failure Crushing... 12.000 


near To 


een See fe poowee 


TPS a rs aa ee ae 3 


a ene wo eo ee cern econ cnn ceeee 


Sketch 
6000 


a 4000 
; 2000 
0 0.01 0.02 0.03 0,04 0.05 0.06 0.07 0.08 0.09 0.10 


Compression, in. 


Fic. 4.—Sample Data Sheet for Compression-Parallel-to-Grain Test. 
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Fic. 5.—Sample Drum Record of Impact Test. 


cab Rs 9 [ants Rane Seo Fait IMPACT BENDING QU 15h 
(Ship. No.) (Stick No.) "(lab No) 
Persea Pet SRT Sala Statin MADISON _ Date..AYg, 20,1914. 1840 
(Piece No.) (Mark) (Project No ) 
Species ......-: Dolighas Fir SOE eae Grade ...C/@ar... Seasoning ..Green. ke 
Rings .....- Su ore Sap LOO % Summerwood ....29........ % Moisture GRE % 
Hammer ...90___lbs. Span.2817... Length 29.941n. Height 2:-001n. Width .2:001n. Weight 1270... 
Der. SET Teor Heap Der, |(Der.+d)? 
a 0,13 11 12.0_|_0.50 | 0.250 
0. 18 12 14.0 | 0.55 | 0.302 
0. 22 13 | 16.0 | 0.62 | 0.384 PS etB Loe 


.0 | 0.26 |0.068 14 | 18,0 |_0.67 | 0.593 


0.30 |0090 15 


M. of E., 


.0 | 0.34 10.116 ot 
7.0 | 0.36 10.130 Nie: 
0.38 |0. 144 Sas") : 
0.43 0.185 eae 
0.46 (0.212 20 | 
Failure: .Cormpression Followed. by Splintering Tension: a eneeereoeeenen . i. 


Fic. 6.—Sample Computation Data Card for Impact-Bending Test. 
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Project No......124 


Working Plan No. ./24____ 


Laboratory No, JO/15I __. 


Douglas Fir _ 


Species 
Kind of test.Limpact Bending... 
Orodp vel wie, i gt 
OP OUD aes a ee 
Loading ger Ganrer ii 5) Poti oe 


Sat Ream! ae BRR” 


Distance between colfars .=-=7-=.----.---— 
(Width of plates. correret 
Machine.....ftatt-Zurner 


Speed of mach. ..--=<2==.---. in. per min.....---- 
Weight of hammer --20_Ib- pepeie sets 
weight it 7M cA eae eed 
WHO neo P 004 
Length._........ 29: 24 fet 
Cre bOCH OR mm een ens ee 

Las} 


Weight IS 70 ig 
eigh: Js 5 


Rings per inch ......82..---..nnn- wa 
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Fig. 7.—Sample Data‘ Sheet for Impact-Bending Test. 
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fren B88 Timber Tee? Log Sheet 
: U. & DEPARTMENT OF AGRICULTURE 
Project Wo. 22/ FOREST SERVICE 
; : to Wo, £2318 E-1! 
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+ 1004 ___.__sony 
Summerwoed 38% __ 
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Compression, in. 


Fic. 8.—Sample Data Sheet for Compression-Perpendicular-to-Grain Test. 
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z _ COMPRESSION _PERPENDICULAR TO GRAIN 101159" 
LA LEW Sd LI (Lab. No.) 
(Ship. No.) (Stick No.) hee 
1 d- ; 
“(Piece No) o£... Station MADISON Date Avg. 20, 19/4 “pi BF 
Specesmaougias. Fir oe Grade...Clear... Seasoning ...Green...... 
gers. Sap... Or eee ¢% Summerwood....28........ % Moisture....62./ % 
Width of plate 2.177... Length 6.00 in. Height .2.00.1n. Width 2.Olin. Weight 289g... 
Sprcirio Gravity 
At Toot | Ov. Dry Loap at E. L. Crush. St. at E. L. Azth 
0.732 \0.452 2000 498 


(Byhig a ae [a at ey er A ry nO ee) ee ee ey ee ee en 
women enn nn | — new en = | ow oo we nw oo oo nn on | nn on on nn oon ee nen ne ene cee men eee en ene cen nnn | - ene peewee eens cc cces cc cce- 


Fic. 9.—Sample Computation Data Card for Compression- 
Perpendicular-to-Grain Test. 


HARDNESS 
ts healer Neb/0. LALA a 
(Ship. No.) (Stick No.) (Lab. No.) 
Payee ed 4 Staten MADISON (13... Date AUG.20-4. [daar . 
(Piece No.) (Mark.) (Project No.) 
Meee SEO OUGIGS SEM a ean Grade CHEE |) Seosontng. Pee. me 
Rings ot. ‘Rate SOD; see se ln oae~ owsczanceb % Summerwood ....-: 1 Fe Dhue % Moisture... WE Lee % 
Length Oe Olin: Dee tsa Cross section Yh iO Tih. xe BOO 1. Weight --....4 2 46. G. » vc Sasoaaee teh 
$$$ $$ eS SKETCH. 
ode adel AS RaDIAL TANGENTIAL Esp 
At Test. Ov. Dry. SuRPACE, SURFACE, SUKFACE. 


| | | 


Pr@oee \O8/e | M460) es. bea 

(ted EES Per ny APO. bo BOON. | 
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Fic. 10.—Sample Data and Computation Card for Hardness Test. 
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Tangential 
PE MN ANT a rec oa aber te 191185. 
(Ship. Ne.) (Stick No.) (Lab. No.) 
yan 1. 24... Station....MADISON 0. Date. Aug. 2l-/4 ° 124 
(Piece No,) (Mark) j (Project No.) 
Species mmeugias Fir sys eas Grade ..C/ear....... Seasoning ...Cf@@7?__..... Y: 


Fic. 11.—Sample Data and Computation Card for 
Tangential-Shear-Parallel-to-Grain Test. 
(Surface of failure tangential.) 


20 FR _.. TENSION PERPENDICULAR TO GRAIN 
toil 1 iam oe Bim £Bii i oR) ial Wet te 8 COTE ie ncn 101189. 
(Ship. No.) (8tick No.) (Lab. No.) 

WO hoe Sy SN “Toth Station... MADISON Domes © Uke co. Date Aug.2/-/4 pam te ik, a ck 
(Piece No.) (Mark) (Project No.) 
Species....... Douglas Fir Beh Dah het Eos a Pe Grade,..Clear.__. Seasoning._.....- Greer sae 
Ring 8 scact wet Casein Sap...8.0 Un WU n we % Summerwood....-- GO Se, % Moisture... 44:2... % 

Hzreur, Wivrn, Lenotu, ee tei pment Skerca. 


2.01 0.97 533 273 


Ow gw oo ow ow enw ow eo wn rn on a wee a a en ne ee ren eee rete n tn cee cee ewe new een woe nnn oo es econ ease ceees 
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Fic. 12.—Sample Data and Computation Card for Radial-Tension- 
Perpendicular-to-Grain Test. 
(Surface of failure radial.) 
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__.....fP_..... CLEAVAGE 
a) ae Bele PAPO Fee ren ee el Ee 101177 
(Ship, No.) (Stick No.) (Lab. No.) 
een... het BE Station... MADISON Date .Avg.2)-/4  .. legos) 
(Piece No.) (Mark) (Project No.) 
Species ...20UGIGS FUT enna Grade ...Clear___... Seasoning ...G6@@M__.....----- 
Rings ..-.--- ASO Sein SGD ox: Live neta % Summerwood ....39........: % Moisture ....3/.6.....% 
Max, Loap. Loap peed yon SKETCH. 
ea CRatRaenene cick ir TRICEU ETL Le Ok cla A a MY ES TES Gay) ie elke abe 


Fic. 13.—Sample Data and Computation Card for Radial-Cleavage Test. 
(Surface of failure radial.) 


oobi Sas TENSION PARALLEL TO GRAIN 
DAT AIG 2. 
(Lab. No.) 
Station... MADISON Date./an.23,19 221-1... 
(Project No.) 
{2b PAN eT aOR ALE a Bee ed Grade..Clear.... Seasoning..CL@@07.._....----------— 
Deermaretioe Zee © % Summerwood...24_.......-----.% Moisture...2£29....,...-% 


Maximum TENSION. (de eT 
Loan. Lbs. per sq. in, Rw Paige 


4670 4180 


Fig. 14.—Sample Data and Computation Card for Tension- 
Parallel-to-Grain Test. 
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SPECIFIC GRAVITY AND VOLUMETRIC SHRINKAGE 


-6 LQLI97 

a ne eines (as. NOD 
} d-8 STATION. .2/24!307 A ug. £0;=14 iy Fo uel 
“(piEOE NO) (Mark) ee (prosoT NOD 
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NOMINAL. SIZE-OF SPECIMEN .2/G.X 217 X 2i0.~ % sap 5 ORR AE -. % SUMMER WoOD...49._.....-..- 
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REMARKS? ...c-05c5c onc cct cece cccccsccsnnmecencccewsspoens sesenashccnssncnsesensaasussusseseusas V Obis wo edenccactacscccanee 
mennccnnacccnencnnenns cer anne cee ese ceten enn cen mene cnn nnn none cress secenee en ereenenenemnn nna nnn man ncserccsasne cere sees ase 


Fic. 15.—Sample Data and Computation Card for Specific Gravity 
and Shrinkage-in-Volume Test. 


SHRINKAGE--RADIAL AND TANGENTIAL 


401200 
iL Eee ee amen st 101199 
SHIP. NO. STICK NO . LAS. NOB. 
STATION--MADISON, WISCONSIN 
PIECE RO, MARK PROJECT NO 
SPECIES Dou s Fy 


NOMINAL size oF specimen___1 177. X 4 in. xX /yn, 


' 
RINGS - wiotn WEIOHT * x 
PER INCH mcneg GRAMS MOISTURE ® srrinnacg 


SEASONING 
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GREEN |Aug. (9-4/1 | 30 224 4 | 4.006 ————— 
49 | 


foven-pey [Oct 5-4, | | | 3,808 
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fom avail ig [as Tse Tacs | exo | ner [| 
pow Ooh ie Se 29.2 | ee cee 
Sct lad Po ea Oe i rol el a 


X BASED ON GREEN WIDTH 


Fic. 16.—Sample Data and Computation Card for Radial and Tangential- 
Shrinkage Tests. 


TENTATIVE METHODS OF CONDUCTING STATIC 
TESTS OF TIMBERS IN STRUCTURAL SIZES! 


Serial Designation: D 198-24 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It isnot a Standard of the Society and is subject to annual revision. 


ISSUED, 1924 


Although numerous tests of timber in structural sizes have been made 
for various purposes, there has been a general lack of uniformity of test 
procedure. Consequently, it has not been possible to correlate data from 
sdifferent sources, nor have the results obtained by different investigators 
contributed their full measure of usefulness toward an increasing fund of 
knowledge. Study and experience have shown the extent to which various 
factors, such as loading appliances, rate of loading, etc., influence test 
results, and it is with the thought of standardizing these and other factors 
that this test procedure is prepared. The plan has been to cover very 
definitely the tests of certain types of timbers such as bridge stringers 
and joists and at the same time to suggest procedure, so far as possible, 
for other structural timber forms. Summarized, the underlying purpose 
is the establishment of practice which will afford uniform results of the 
greatest ultimate value from all tests of timbers and at the same time 
permit the correlation of data so far as possible with existing data on 
timbers of certain species. 

It is not the intention to discourage the use of methods other than 
those herein prescribed whenever the testing problem is of such nature as 
to warrant their application. However, experience has emphasized the 
importance of the requirements that have been specified in these methods, 
and variations in apparently minor details will often seriously affect the 
data obtained. It,is recommended that any variations from the methods 
herein prescribed shall be recorded. 

The field of timber testing ts so broad, and involves so many objectives, 
particularly when built-up or manufactured articles are considered, that it 
is obviously difficult, if not impossible, to formulate correct procedure for 
all such cases. Ample opportunity, therefore, still awaits the application of 
initiative to special testing problems and promotion of progress in the art. 
It is hoped, however, that the principles incorporated in the proposed 
methods will at least serve to some extent as a guide in tests of even a 
special nature. 

The test methods presented are the outgrowth of years of experience 
and research, largely on the part of the United States Forest Service. Such 
sample data forms are included as were thought helpful to investigators in 


1 Criticisms of these Tentative Methods are solicited and should be directed to Mr. J. A. Newlin, 
Secretary of Committee D-7 on Timber, Forest Products Laboratory, Madison, Wis. 
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systematizing records. No attempt has been made to cover methods of 
computation or analysis, as these were considered to lie outside the scope 
of the standard. Data properly recorded can be analyzed at will, but 
fundamental differences in test procedure present a barrier beyond which 
analysis and correlation of results cannot proceed with any degree of 
assurance. ; 


1. Tests of timbers in structural sizes are made to afford: 

(a) Data upon which to base the formulation of grading rules 
and specifications. 

(b) Data upon which to establish the relation between the strength _ 
properties of structural timbers and of small clear specimens cut from 
them, and for use in the establishment of allowable stresses. 

(c) Data as to the influence of defects on the mechanical proper- 
ties of timbers. 

(d) Data on the strength properties of different species in struc- 
tural sizes. : 

(e) Data for use in checking existing formulas relating to struc- 
tural timbers. 

(f) Data as to the influence of seasoning on the mechanical 
properties. 

(g) Data as to the effect of form and shape of specimen on the 
properties. 

(kh) Data as to the influence of preservatives and methods of 
preservative treatment on the mechanical properties. . 

2. In general, tests of timbers are divided into two classes, as 
follows: | 

(a) Major tests, that is, tests of principal members under inves- 
tigation. 

(b) Minor tests, that is, tests of small clear specimens cut from 
the principal members. 

3. (a) The principal tests of such structural timbers as bridge 
stringers or joists are: Static bending, compression parallel to grain, 
and compression perpendicular to grain. 

(b) The accompanying minor tests on small clear specimens are: 
Static bending, compression parallel to grain, compression perpendic- 
ular to grain, hardness, and shear parallel to grain. 


MATERIAL 
I. COLLECTION 
(A) Selection 


4. The material for test shall be selected by one qualified to 
identify the species. 
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5. In any given case, the number of test specimens shall be 
determined from due consideration of the purpose in mind, since 
definite instructions cannot be given to cover all cases. The following 
procedure applies particularly to full-size timbers, such as bridge 
‘stringers and joists, and incidentally to other types, as fabricated 


Procedure 
for Bridge | 
Stringers, 

Joists, etc. 


beams, to which special reference will be made in small-type. 


paragraphs. 

6. (a) For tests of timbers of any given species in structural 
sizes, such as bridge stringers, requiring a range in grade of material, 
at least forty 32-ft. or eighty 16-ft. green unsurfaced timbers should 
be selected in a manner that will provide representative material. 
The length of specimens required for test is dependent upon the 
depth. For suggested lengths of timbers other than bridge stringers, 
see Section 22. 

(b) Timbers 8 by 16 in. or 6 by 12 in. in nominal cross-section 
are especially recommended. 

7. Each 32-ft. timber shall be cut in half to furnish one 16-ft. 
specimen to be tested green and one to be tested air-dry, thus affording 
end matching. Where only 16-{t. material is available, the timbers 
shall be selected and matched in pairs, one timber to be tested green 
and the other to be tested air-dry. In matching these 16-ft. timbers 
all factors influencing their strength should, so far as practicable, be 
considered. Some of the most important factors are density, rate of 
growth, direction of grain (straight, diagonal, or spiral), character 
and location of defects (such as knots, checks, etc.), position of speci- 
men in tree with respect to cross-section or height, and the character- 
istics of individual trees. 


(B) Field Marking 


8. At the time of selection a mark shall be made on each timber 
. to designate the butt end. 

9. All material collected at a given source and shipped at one 
time shall be given a shipment number or other designation, which 
shall be incorporated in the test records. 


(C) Field Descriptions 


10. Field notes fully describing the material shall be carefully 
made by the’collector. ‘These notes shall, so far as possible, supply 
‘data as outlined in Table I and shall be forwarded for incorporation 
‘in the record. | | 
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(D) Preparation for and Records of Shipment 


11. (a) The ends of all green timbers shall be given a coating of 
paint or other suitable substance to retard end drying and end check- 
ing, care being taken to retain the butt designation. ‘They shall be 
close-piled and before and during shipment shall be kept covered with 
damp shavings or other substance to prevent drying. If conditions 
are particularly favorable to the development of molds, stains, or 
decay, the specimens shall first be brushed or sprayed with a dilute 
solution of copper sulfate, or similar toxic solution. 

(b) Record shall be made of the shipment routing, bill of lading, 
kind of shipment, date of shipment, and condition of material when 
shipped. 


TABLE I.—SHIPMENT DESCRIPTION FIELD NOTES. 


Project No., XC Shipment No., 012 
Tree No., 1 Species, Longleaf pine 
Locality cut: State, Florida County, Nassau 
Township, 73N: R25E Date cut, April, 1914 
Slope, Level. Absolute elevation, 38 ft. Aspect, Pasces 
Undergrowth, Small amount—scattered Soil, Sandy 
Height, 110 ft. Seedling or sprout, Seedling Age, 241 years 
Crown, Large, well developed D.B.H., 26 4n. 
Stem, Clear, straight Date sawed, May 12, 1914 


How and when transported from woods, By wagon, May, 1914 


List OF SPECIMENS. 


Size of Specimens 


fish Tete Node bee oe oe as ae Weight, 
Piece No. \ Volume, Feetage, lb. 
Length, Width, Depth, cu. ft. b. m. (Show date) 
ft. in. in. 
1 16.10 7.50 15.50 13.00 171 660 


REMARKS: Note any other special points which would be of value. 


» 


(c) Record shall also be made of date of receipt of shipment at 
destination, its condition and the method of storage. The time 
elapsing between the sawing of green timbers and their testing should 
be reduced to a minimum. 


II. DISPOSITION AT DESTINATION; MARKING AND STORAGE 


12. When the material arrives at the testing laboratory, it shall 
be divided into two matched groups of timbers of approximately like 
quality as specified in Section 7, one portion to be tested green and 
the other to be weighed and placed under cover for air seasoning 
prior to testing. After the 32-ft. timbers have been cut into 16-ft. 
lengths, the specimens to be air-dried shall be selected alternately 
from butt and top cuts. : 
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13. The butt end of each 16-ft. specimen shall be designated “A ”’ 
and the top end “B”. Other symbols shall be given to each timber 
in classifying it as to density, position in tree, defects, or other factors 
that are under consideration. The minor test.specimens and data 
forms shall carry such of these symbols as may be necessary to identify 
them fully. 

14. (a) The material to be tested green shall be close-piled on 
skids which are free from contact with the soil, and shall be kept 
covered. It shall not be held long enough to permit seasoning or 
damage from checking, decay, or insect attack. 

(b) The ends of the specimens to be air-dried shall, if necessary, 
be given a suitable coat of pitch, paint, or other substance to retard 
checking. ‘The specimens shall be open-piled in a place allowing free 
access and circulation of air, but shall be protected from sunshine, 
rain, snow, and moisture from the ground and shall not be subjected 
to artificial heat. 

(c) All of the timbers to be air-dried shall be weighed when stored 
and at sufficiently frequent intervals thereafter to afford accurate 
data on the progress of seasoning. No material shall be considered 
thoroughly air-dry and fully conditioned for testing until practically 
constant weight has been reached.! (Wood absorbs and gives off 
moisture with changing atmospheric conditions; consequently it never 
comes to absolutely constant weight.) 

(d@) When properly seasoned, the~timbers shall be surfaced on 
four sides before being tested.? 


TESTS 
Il. KIND AND NUMBER 
(A) Major Tests? 
15. (a) The structural member proper shall be tested as a beam. 
(See Sections 19 to 30.) 


(b) A section 60 in. long shall be cut from the “A” or butt end 
of each beam after test, except when end “‘A” fails by shear in the 


1 The many factors which influence the rate of seasoning, such as species, moisture content, and 
diverse climatic differences, preclude the establishment of a definite limit of loss in weight which may 
be permitted in green material prior to test. 

2A desirable condition for testing air-dry material in small sizes may be considered as about 12- 
per-cent moisture content. Large timbers, such as bridge stringers, however, usually dry slowly, but 
may be considered conditioned when, during the season of most rapid drying, successive weighings 
indicate the moisture content is as low as may reasonably be expected, with due consideration to the 
climatic conditions of the locality. Such seasoning may require from about one to four years. 

’ The procedure outlined utilizes to best advantage the entire major specimen and if carefully 
followed will not usually admit the inclusion of specimens which have been seriously strained in the 
major bending test. The compression specimens referred to in Sections 15(b) and -15(¢) necessarily 
include such defects as sre normal to the material under test. 
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bending test; in which case the section shall be taken from the “‘B”’ 
or top end. A specimen 30 in. long for compression-perpendicular- 
to-grain test shall be cut from that end of the 60-in. piece which ts 
nearer the point of loading. 

(c) Two compression-parallel-to-grain specimens, each 6 by 6 by 
24 in., shall be taken from the farther end of the 60-in. piece specified 
in Paragraph (0). 


(B) Minor Tests! 


16. (a) A 50-in. section shall be cut from the end of the beam 
opposite that required for the 60-in. specimen specified in Section 
15 (b). Six 2 by 2 by 50-in. sticks shall be taken from this piece. 
In case defects make it difficult to obtain certain of the other clear 
specimens hereinafter provided for, they may be secured from the 
uninjured portion of the minor static bending specimens after the 
test covered in Paragraph (6) below. 

(b) Six static bending specimens free from defects shall be taken, 
one from each of the 50-in. sticks specified in Paragraph (a). 

(c) Six compression-parallel-to-grain specimens free from defects 
shall be taken, one from each of the 50-in. sticks specified in Para- 
graph (a). 

(d) Three compression-perpendicular-to-grain specimens free from 
defects shall be taken, one from each of three of the 50-in. sticks 
specified in Paragraph (a). 

(ec) Three hardness specimens free from defects shall be taken, 
one from each of three of the 50-in. sticks specified in Paragraph (a) 
other than those from which the specimens specified in Paragraph (d) 
are taken. 

(f) Twelve shear specimens free from defects shall be cut, two 
from each of the 50-in. sticks specified in Paragraph (a). One speci- 
men from each pair taken from the same stick shall be tested in radial 
shear (surface of failure radial to growth rings) and the other in tan- 
gential shear (surface of failure tangential to growth rings). 


IV. GENERAL INSTRUCTIONS 


(A) Photographs of Timbers 


17. All air-dried timbers shall be photographed on four sides 
both before and after test. All green timbers shall be photographed 


1 The procedure outlined utilizes to best advantage the entire major specimen and if carefully 
followed will not usually admit the inclusion of specimens which have been seriously strained in the 
major bending test. As specified in Section 26 of the Tentative Methods of Testing Small Clear 
Specimens of Timber (Serial Designation: D 143 — 24 T) of the American Society for Testing Materials, 
p. 528, the minors selected shall be free from defects which will affect the properties under consideration. 
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on four sides after test only. The middle of the length of the beam, 
the load and support points, and the order of occurrence of the failures 
shall be indicated so as to show in the photograph; if necessary to 
bring them out in the photograph the failures should be penciled or 
pointed. | 

(B) Moisture Control 


18. (a) As specified in Section 14 (c), the major specimens to be 
tested in the air-dry condition shall be brought to practically constant 
weight before test. All tests shall be carried out in such a manner as 
to prevent large changes in moisture content. 
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Fic. 1.—Sketch of Structural Sizé Timber Showing Method'of Recording Location 
and Type of Defects and Other Pertinent Data. 


Broken lines indicate test failures, and the accompanying numbers, their order of occurrence, 


(b) All minor specimens shall be tested immediately after cutting 
from the majors to prevent change in moisture content. 


V. PROCEDURE—MAJOR TESTS 
(A) Static Bending Test of Structural Size Timber 
19. (a) The beam shall be weighed before test. The length and 
the actual depth and width at the center shall be measured. 


(6) For non-rectangular beams or beams non-uniform in section data shall 
be secured from which the exact size and shape of the section at any point 
throughout the length may be obtained. 


20. In addition to the markings previously made, the four faces 
shall be lettered ‘“‘a,” ‘‘b,” “‘c,” and “d,” beginning with a for the 
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face to which the load is applied and proceeding successively to the 
right (clockwise) when viewed from the ‘‘A” or butt end of the 
timber. 

21. As part of the record, a sketch shall be made of the faces and 
ends of each beam showing the size, location, and type of defects, 
including cross-grain,! the distribution of sapwood and heartwood, 
the location of pith, when present, and the direction of the annual 
rings (see Fig. 1).2_ Detailed record shall also be made of other defects 
which may be present, such as crook, bow, cup, and twist.2 The 
number of rings per inch and proportion of summerwood at both ends 
shall also be recorded. } 


-d 
= 
Salt ; 


all eon 


Fig. 2.—Diagrammatic Sketch Showing Method of Conducting Static Bending Test 
of Structural Sizes of Timber. 


22. (a) For timbers in structural sizes such as bridge stringers 
and joists, third-point loading over a span length of 15 ft. shall be 
used. Knife edges rigidly attached to an auxiliary beam which in 
turn is hinged by a knife edge shall be used in applying the load. ‘The 
supporting knife edges shall preferably be of the half-rocker type, 


1 Cross-grained wood is that in which the wood cells or fibers do not run parallel with the axis 
of the piece. Cross-grain may be classified as spiral, diagonal, dip, wavy, curly, and interlocking. 
Definitions of these terms may be found in U. S. Department of Agriculture Circular No. 296, p. 60. 
The presence of diagonal and spiral grain is usually indicated by surface checks; these invariably 
follow the direction of the grain. The amount of cross-grain in any portion of a timber may be expressed 
by the slope of the fibers (or checks) on each face with respect to the edges of the piece. Thus, a slope 
of 1 in 10 indicates a departure of the fibers from the direction of the axis of the specimen of 1 in. in 
10 in. of length. 

2 Cross-section paper or quadrille-ruled note book paper is recommended for conveniently making 
this sketch of the beam to scale. of 

8 For definitions of these terms, see U. S. Department of Agriculture Circular No. 296, p. 65. 
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and shall be so placed as to rock outward. To prevent accident or 
damage from their being thrust suddenly outward on failure of the 
specimen, they should be tied together by means of a slack chain or 
cable. Metal bearing plates 6 in. in width and not less than 3 in. in 
thickness and extending entirely across the face of the beam shall be 
used over the supporting knife edges. (See Fig. 2.) 

(6) When beams are tested with respect to particular uses, the dimensions 
shall be such as to simulate actual conditions as closely as practicable. 

(c) Fabricated beams such as I or box types shall be full size or solid at 
the loading points without abrupt change from the solid to the normal beam 
section. 

(d) Center loading shall not be used for beams over 4 in. in depth when 
the span-depth ratio is 14 or less. 

23. (a) When testing beams under third-point loading on a span 
equal to 14 times the beam depth the load shall be applied through 
bearing blocks extending entirely across the face of the beam and 
having a radius of curvature three times the depth of the beam for 
a chord length at least equal to the depth of beam. Additional bear- 
ing may be obtained by continuing the curvature in both directions 
at a radius equal to twice the depth of the beam. 

(b) For beams loaded at the center, the radius of the bearing block shall 
be one-half that specified for third-point loading under Paragraph (a). 

(c) Whenever possible, span-depth ratios between 11 and 15 shall 
be used. For span-depth ratios less than 14, the radius of curvature 
of the bearing blocks shall be proportionally increased over that 
specified in Paragraphs (a) and (0). 

(d) Bearing blocks of the form and size shown in Fig. 3 shall be 
used at the load points in testing timbers in structural sizes, such as 
6 by 12-in. and 8 by 16-in. bridge stringers, on a 15-ft. span. 

(e) Where the depth of beam is greater than 4 in., a thin steel 
plate slightly wider than the beam shall be placed between the load- 
ing block and the beam. For beams up to 6 in. in depth, the thickness 
of this plate shall be from 3; to ¢ in. For greater depth the thickness 
of plates shall be increased slightly to about 3; in. for timbers 6 by 
12 in. or 8 by 16 in. in cross-section. 

(f) For fabricated sections such as airplane I and box beams up to 6 in. 
in depth, the plate shall be from 7 to ¥ in. in thickness. 

(g) Metal bearing plates and rollers shall be used between each 
bearing block and its corresponding knife edge. The plates between 
rollers and knife edges shall be not less than 1% in. in thickness. If 
the supporting knife edges are of the full-rocker type rather than the 
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half-rocker type recommended in Section 22 (a), rollers shall be 
placed under one loading knife edge only. 

24. The beam shall be placed in the testing machine symmetric- 
ally with respect to the supports. Parallelism shall be obtained at 
bearing points. In the case of warped beams, wedges or shims shall be’ 
used between the plate and the loading or supporting knife edges or 
both, as may be necessary to obtain an even bearing before the load 
is applied.!_ In the case of timbers containing defects, the load shall 
be applied to the poorer of the loading faces. 


Hard Maple 
Laminated Construction~Glued and Bolted. 


Fic. 3.—Details of Bearing Block for Timbers 12 to 16 in. in Depth When Tested 
in Third-Point Loading over 15-ft. Span. 


25. (a) The load shall be applied continuously, and with a uni- 
form motion of the movable head throughout the test. 
(b) Case 1.—Beams 4 in. or less in depth when containing defects, 
or 8 in. or less in depth when free from defects, shall be tested at a 
rate of fiber strain of 0.0015 in. per inch of outer fiber length per 
minute.? 
1 The use of shims or wedges is recommended in preference to planing because in certain cases 


the latter procedure may effect changes in section where undesirable. 
? For tolerance on rate of motion of movable head see Sec. 51. 
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Case 2.—Beams over 4 in. in depth when containing defects, or 
over 8 in. in depth when free from defects shall be tested at a rate of 
fiber strain of 0.0007 in. per inch of outer fiber length per minute.! 

(c) For two symmetrical concentrated loads the rate of motion 
of the movable head of the testing machine may be calculated from 
the formula: 


2a 
=——(3L—4 
ae a), 


where NV = the rate of motion of moving head in inches per minute; 
z = the unit rate of fiber strain in inches per inch of outer 
fiber length per minute; 
a = the distance from support to adjacent load in inches; 
d = the depth of beam in inches; 
L = the span in inches. 


I 


For example, in testing beams 16 in. in depth under third-point 
loading and on a 15-ft. span, the rate of motion of movable head shall 
be 0.26 +0.065 in. per minute.! 


(d) For center loading, the rate of motion of the movable head of the 
testing machine may be calculated from the formula: 


zl? 


6d 


where the same legend applies as under Paragraph (c). 


26. (a) Load-deflection curves shall be plotted throughout the 
test.2. The load and deflection at first failure, at the maximum load, 
and at points of sudden change shall be shown on the curve, although 
they may have to be interpolated because of not occurring at one of 
the regular load or deflection increments. 

(b) The test shall be continued until the maximum load has been 
well passed. In the event of horizontal shear, the maximum load 
may occur after such failure. 

27. (a) Deflections of the beam at mid-height at the center of 
the span with respect to points at mid-height immediately above the 
supports shall be taken to the nearest 0.01 in. 

(b) Deflection may be read directly by means of a wire stretched 
between nails driven at mid-height of the beam immediately above 
the supports and extending across a scale attached at mid-height at 
the center of the span. Fig. 2 illustrates the method of test. A 

1 Tolerance in accordance with Section 51. 


2See Fig. 1 of the Appendix for a sample static-bending data sheet and Fig. 2 of the Appendix 
for a sample computation data card. 
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telescope or reading glass will be found useful in observing the deflec- 
tions. When a reading glass is used parallax shall be prevented by 
placing a reflecting surface adjacent to the scale in order that the 
wire and its image may be made to coincide. 

(c) Where special refinement is desired, deflection readings may 
be taken simultaneously on both sides of the beam, the wires 
(Paragraph (6)) being supported over free running pulleys and held 
taut with small suspended weights. 


No 


fe : 
Areal 1+2+3+4) = Area(5+6+7+8) 
=Area J, 


Fic. 4,—Cross-Section of Timber Showing Method of Cutting Up 
Moisture Distribution Sections. 


28. The failures shall be described in detail as to type, manner 
and order of occurrence and position in beam. ‘The descriptions of 
the failures shall be suitably recorded and correlated with the load- 
deflection curves. The failures shall be sketched on the drawing of 
the beam referred to in Section 21, with notations as to the order of 
their occurrence. The section of the beam containing the failure 
shall be: held for examination and reference until analysis of the data 
has been completed. 
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29. A section of the beam at least 2 in. in length shall be retained Identification 
for purposes of identification and future reference. The number of S*™?!¢- 
rings per inch and proportion of summerwood shall be recorded for 
this section. 

30. Two sections 1 in. in length shall be cut from near the place specimens 
of failure for moisture determinations. One of these shall be used ed arcentn 
for determining the average moisture content of the test specimen. tions. - 

The other, which may be termed a moisture-distribution section, shall 
be used for determining the moisture content of different portions of 
the cross-section and shall be sawn into parts according to the pattern 


Fic. 5.—Diagrammatic Sketch of Method of Conducting Compression- 
Perpendicular-to-Grain Test. 


« 


shown in Fig. 4. Moisture determinations in each case shall be made 
in accordance with the procedure specified in Sections 44 to 48. 


(B) Compression Perpendicular to Grain 


31. The compression-perpendicular-to-grain tests shall be made Size of 
on specimens 30 in. in length and of the cross-section of the major Specimen. 
beam. The actual width and length shall be measured and recorded, 
and all defects shall be described. 

32. The load shall be applied through a metal plate 6 in. in Loading. 
width placed across a clear face of the specimen at the center of the 
length and at right angles to it. The load shall be applied tora face 
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which corresponds to either the loading or supporting face of the 
static bending specimen. (Section 24.) (See Fig. 5.) 

33. (a) The load shall be applied continuously man eheae the 
test at a rate of motion of movable head! determined from the formula? 


4A 
N = 0.0175 d” 


the rate of motion of moving head in inches per minute; 
and 
d = the depth of beam in inches. 


where V 


(b) For the specimens 8 by 16 in. in cross-section, for example, 
the rate of descent of the movable head shall be 0.060 + 0.015 in. 
per minute.® 

34. Load-compression curves‘ shall be taken for all specimens 
until the elastic limit has been well passed, after which the test shall 
be discontinued. Compression readings shall be taken to 0.001 in. 

35. The specimen shall be weighed after test and two sections 
shall be cut near the place of failure for moisture determinations. 
One of these shall be used for determining the average moisture con- 
tent of the specimen. ‘The other, which may be termed a moisture 
distribution section, shall be used for determining the moisture con- 
tent of different portions of the cross-section and shall be sawn into 
parts according to the pattern shown in Fig. 4. Moisture determina- 
tions in each case shall be made in accordance with the procedure. 
specified in Sections 44 to 48. 


(C) Compression Parallel to Grain 


36. The major compression-parallel-to-grain tests shall be made 
on the 6 by 6 by 24-in. specimens prepared from the pieces specified 
in Section 15 (c). The actual cross-section dimensions, the rate of 
growth, and the percentage of summerwood shall be determined and 
recorded for each specimen. All defects shall be described. 

37. Care shall be exercised in preparing the compression-parallel- 
to-grain test specimens to make the end surfaces plane, parallel, and 
normal to the axis of the specimen.® 


1 For tolerance on rate of motion of movable head see Section 51. 

2 Tests are now in progress to establish more definitely the proper rate of application of load; 
therefore, the requirement of this section may be changed on the completion of the study. 

3 Tolerance in accordance with Section 51. 

4 See Fig. 4 of the Appendix for a sample compression-perpendicular-to-grain data sheet, god Fig. 3 
of the Appendix for a sample computation data card. 

5 A sharp fine-toothed saw of either the cross-cut or ‘‘novelty’’ cross-cut type is indispensable for 
obtaining smooth end surfaces. Power equipment with accurate table guides is especially recommended 
for this work, though miter-box hand sawing is permissible. Hand planing of the ends, if carefully 
done, is Sometimes advisable. 
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38. (a) A spherical bearing block shall be used to prevent eccen- 
tricity of loading. ‘The radius of the sphere shall be as small as prac- 
ticable, in order to facilitate adjustment of the bearing plate to the 
specimen. ‘The suspended type of spherical bearing, to be used on 
top of the specimen, is especially recommended., The size of the 
compression plate shall be slightly larger than is necessary to encom- 
pass the end of the specimen when the latter is centered on the head. 

(b) The adjustment of the suspended spherical bearing block 
may be accomplished by keeping the compression plate in motion 
about its bearing as contact is made with the specimen. 

(c) In the spherical bearing block for use on the weighing table, 
adjustment shall be made by moving the bearing plate with the 
specimen centered thereon. 

39. The load shall be applied continuously throughout the test 
at a rate of motion of the movable head of 0.036 + 0.009 in. per 
minute.} 

40. The maximum load obtained shall be recorded, together with 
a description and sketch of the failure. ‘The section of the specimen 


containing the failure shall be held for examination and reference until 


analysis of the data has been completed. 

41. In order to obtain satisfactory and uniform results, the 
failures shall be made to develop in the body of the specimen. With 
specimens of uniform cross-section this may be obtained by having 
the ends properly prepared and dried to a slightly lower moisture con- 
tent than the body. With green material, it will usually suffice to 
close-pile the specimens, cover the body with a damp or wet cloth, 
and expose the ends for a short time. For air-dry material it may 
sometimes be advisable, should the failures in test indicate that a 
slight end drying is necessary, to pile the specimens in a similar 
manner and place them in a desiccator. 

42. The specimen shall be weighed after test, and a moisture 
section shall be cut from the body of the piece near the failure. Mois- 
ture determinations shall be made in accordance with the procedure 
specified in Sections 44 to 48. 


VI. PROCEDURE—MINOR TESTS 


43. The procedure for the conducting of minor tests shall con- 
form to the procedure specified in the Tentative Methods of Testing 
Small Clear Specimens of Timber (Serial Designation: D 143 —- 24 T) 
of the American Society for Testing Materials.? 


1 Tolerance in accordance with Section 51. 
2 See p. 528. 
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VII. MOISTURE DETERMINATIONS 


44, The samples for moisture determinations shall be selected as 
hereinbefore described for each test. 

45. The moisture-distribution specimens shall be cut into sections 
according to Fig. 4; as specified in Sections 30 and 35. 

46. Immediately upon obtaining any moisture sample, all loose 
splinters shall be removed and the sample weighed. 

47. The moisture samples shall be open-piled in a ventilated oven 
and dried at a temperature which shall ultimately be increased to 
98° C. + 3° C. until constant weight is attained, after which the 
resulting weight shall be carefully determined and recorded as the 
oven-dry weight. For specimens not over 1 in. in length (in the 
direction of grain) about 48 hours’ continuous drying under the con- 
ditions specified is sufficient to bring the specimens to constant weight. 
For drying longer specimens, considerably more time will be required, 
since the rate of drying from the side grain surface of wood is only 
about one-sixth that from the end surface. 

48. The loss in weight expressed as a percentage of the oven-dry 
weight as above determined shall be considered the moisture content 
of the specimen. 


VIII. TOLERANCES 
(A) Weights 


49. The weight of test specimens and of moisture samples shall 
be determined with an error of not more than 0.2 per cent. 


(B) Measurements 


50. Measurements of test specimens shall be made to the nearest 
0.01 in. 


(C) Testing Machine Speeds 


51. In no case shall the testing machine speed used vary more 
than 25 per cent! from that specified for a given test. The load shall 
be applied continuously at the required speed throughout the test. 


Ix. CALIBRATION 


52. All apparatus used in obtaining data shall be calibrated at 
sufficiently frequent intervals to insure accuracy.? 


1 Tests by the U. S. Forest Service show that this speed limitation is necessary in order that the 
stress shall not vary more than 1 per cent due to variation in rate of fiber strain. 

2 See the Standard Methods of Verification of Testing Machines (Serial Designation: E 4) of 
the American Society for Testing Materials, 1924 Book of A.S.T.M. Standards. 
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APPENDIX 


Timber Test Log Sheet 


U. S. DEPARTMENT OF AGRICULTURE 
FOREST SERVICE 


Ship. No. £= 308 Stick No, 


ae! 


Date Nov. 5. /9/5 


Piece No..20.. Mark. 


in ma 4 0 ra ay 
Max.’ load 473,000 Ib. peas LEE EERE 
Def. at max. load +-/. 8/ /77- HEHE [ 
Load at E. L. 760,000 /b.|: eae bE HH Hee = 
‘Def. at E. LHF, 435 sn, 3 +H 
Max. drop —— 4 HH ze PERCE EEE EEE EEE sueoeees 
i n Perr Ey i 
Area (Max.load) 10.9 sq.in. EEE 
Area (Total to 3 Max. Load) 38.6 sq. tn. PEER 
iB ao am mia nan aw a ae a oe aI 
as “A : tee Bet + +} 
ie Ree i BOSS a ee a St fi plguea Tat : i 
PEEL HH Ba REESEeSSES BEBE 
44 aE SE Npasu nee EI I 4 
Horizontal Shear Piatt 
: F 
H i ute 
E Gracking Sound (Shear)': 
777 PRESSION C b 4 
Tension Jension = 3 
4. ‘ 
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0.2 0.4 0.6 


0.8 1.0 iz 14 1.6 1.8 2.0 
Deflection, in. 


Fic. 1.—Sample Data Sheet for Static Bending Test. 
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Form 507, 
(Revised January, 1918.) 


STATIC BENDING 


4-30 ; : q - 
GNSS ~GaE Rey Ore third points. Loading GREE 
"(Piece Noid” “7 "(Mark)" Station MADISON, W/S._. Date1/-5-/5........ eee RCTS 
Species Longlear. ne ce) renee et: Grade No. f........... Seasoning AUD. LLY. ac-ce-cnneene 
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vaniy cbiei F.S.ATE.L. | M.OF R. | MOF E. SHEAR. EET” ture roan ee 
re enan ar men oe Ee «gaat NN vila A, 4 AR eee 
eae Pe ee 

| eee | 
Rings: Up. + ue ao ide en Low. 4 eee Pes a hd 
Sum. wood: Up. 4....====~ Mid. } -===-=_-.. Low. ¥.... ===... 


Compression and Ler7rsion. 


d—idst 99 39M 


Fic. 2.—Sample Computation Data Card for Static Bending Test. 


(Revised January, 1918) 
COMPRESSION AT RIGHT ANGLES TO GRAIN LASOS 
ROG eh es (Lab. No.) 
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30 . = =< f 
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Width of plate...592.... Length 30.14.72.. Height 45.56.72. Width 26/1/27... Weight_.76.%* 

SPEciFid GRAVITY Loan at E. L. Crtsh. St. at E. L, A+xh | 
At Test. | Ov. Dry , 
$98 |.5/0 | 38000 | sleatita poi AVS Taras ae 


17908 fA 


Fic. 3—Sample Computation Data Card for Compression-Perpendicular- 
to-Grain Test. 
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Timber Test Log Sheet , 
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Project Wo... 864 FOREST SERVICE 

Working Plan No. /84____ ; Ship. No, 308 Stick Wo. A. 
Siztion Madison Bate Nov. 30, (9/5. 

Laboratory No. 124509 . Pieco No.0 Mark ===. 


68 


Ne ae an an a ae ee nnn a nn ne r} : HEE a f t t 
Kind of test Compression jax.) /oad Load at Q49in. Comp. 58, 040 /b. 

Db . . , Lt 
Grate Lxtra Select ea Vearcereneee 
, cad at &. L. Ht 38,000 7b. 


Gio Up sxrereri ie beat oa ee ane wh 60 


Loading ef.jat Ef |: aa 
md) drap| ae : BEER EE ar a 
sree a aman eT piirtosnrscsests SceSE Sees uate 
Distance between collars =-----...-.--------- ia hae ae Tre ae i 
Width of plate = 9.92 im. ~ 50 iE Popes sates faces aeeaetaeratetate 
Michie ee OFT H : icess Genes GUCSEESEESCacEeceeE: 
Speed of mach. 0.065 ___ in. per min... 43 ; SCEEEE EE EEE HE 
Weight of hammer ===. _---- t E zl 
eight, 15. 8G vrei) ee seraae : 
ier te BEE 44 aepeedatitacir ts 
Widthesna ol STIs Eee ee cr 
Mees tee 40 5 PEELE iE 
: s 44 : 
CRBS SOOT no errr i an a 
Moghtne Oe tre eed 8 : : 
636 oth oH sane mua ausee 
Rings per inch 7=7-/O-I3 17-0 EEE Atha eH SEER EEE ELE 
PON CRE) ny FREE peeneget : 
Si b>) 4 EE Oe Sak Hr as 
me. 5 32 i - + FI Sere ey "A 7 is 
Summerwood.34.~-34- 33-37-30- ES HHEE + : ag Saabs BeUSR Ean 
_3T- 34-32-40 genau i saa POSER 4 EEE 
Seasoning Air Ory ie ee ee 28 Gepsuueuun Buses ARRne eae chee ane HF i 
Moisture..7. 8% (Average) eran ie i | - HEH mages 5 PEE 
Kind of failure ———————_ 24 ft . EE ! : aie FH HH H + 
at 
oa AN ee RP SE eek Le ee ee nS ro w a i fe nope 
: EE HE SeesGenan ae BUegers SeGESUGERE Grae sag aatiitae ot 
8 ak oa pegged Mn oe ea 20 Feat +r seat Sus auEEe SOSRENUEUE © a L rT ort 
Remarks. Medium Dense... cp E EEE FH parsons 
16 t | ry) H i ; x : 
Sith aal a og Be Wr RR TR OO LL : Sogn EEE EEE EH A EEE: 
Sketch sosusus anlvetenst ct Sotareeecetseceeee 
12 i m rH a a +H a it Bg 4 
. . +E 
8 
: 
4 4 


H 


0 0.1 0.2 0.3 0.4 0.5 
Compression, in. 


Fic. 4.—Sample Data Sheet for Compression-Perpendicular-to-Grain Test. 
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TENTATIVE METHOD OF TEST 
FOR 
COKE RESIDUE OF CREOSOTE OIL! 


Serial Designation: D 168-23 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to revision. 


ISSUED, 1923 


1. Crucible—The crucible shall be of platinum and shall have a 
capacity of 20 to 30 cc. The cover of the crucible shall be of the 
inverted type, having a depth of about 1 cm., the wall tightly fitting 
the crucible except for a slight crease. 

2. The residue resulting from the distillation test, carried out in 
accordance with the Standard Methods of Sampling and Analysis of 
Creosote Oil (Serial Designation: D 38) of the American Society for 
Testing Materials,? shall be poured directly into the tared crucible 
or into a tin box wherein it may be heated on a water or steam bath, 
but not over a flame. About 1 g. of the residue shall be weighed 
into the covered crucible and then placed on a platinum, nichrome, 
or fire-clay triangle over a Bunsen burner, with the bottom of the 
crucible 6 to 8 cm. from the top of the burner. ‘The burner flame 
shall be regulated.to a height of 20 cm. while burning free and the 
crucible shall be exposed to the full flame for 7 minutes. A Meeker 
burner may be used, or the crucible may be heated for several minutes 
in an electricfurnace. Whatever the method of heating employed, the 
temperature during the entire 7-minute period shall be not less than 
950° C. and should be as near that temperature as possible. At the 
end of this period the flame shall be removed, the crucible transferred 
to a desiccator and permitted to cool, after which it shall be weighed. 
The residue in the crucible after ignition shall be reported as ‘“‘fixed 
carbon”’ (z. e., coke). 

1 Criticisms of this Tentative Method are solicited and should be directed to Mr. J. A. Newlin, 
Secretary of Committee D-7 on Timber, Forest Products Laboratory, Madison, Wis. 

This tentative method, when adopted as standard, will be added to the Standard Methods of 
Sampling and Analysis of Creosote Oil (Serial Designation: D 38 — 24), 1924 Book of A.S.T.M. 


Standards. 
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3. The test shall be conducted in a part of the laboratory free Precautions. 
from draughts. 

4. The percentage of coke obtained in accordance with Section 2 Calculations. 
_ shall be calculated on the basis of the original sample of oil. 

Example.—With a retort distillation of 29 per cent of residue at 355° C., 
the residue containing 28 per cent of fixed carbon: 

X28 
100 


Coke in oil = = 8.1 per cent 


TENTATIVE METHODS OF CHEMICAL ANALYSIS OF — 
ZINC CHLORIDE! 


Serial Designation: D 199-24 T 
This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. Itis not a Standard of the Society and is subject to annual 
revision. 


ISSUED, 1924. 


These methods cover the determination of the percentages of 
insoluble basic zine chloride, zinc chloride, and iron present in com- 
mercial concentrated solutions of zinc chloride or in fused or granu- 
lated zinc chloride, for use in the preservative treatment of wood. 


PREPARATION AND STANDARDIZATION OF SOLUTIONS 


Standard Ferrocyanide Solution.—Weigh out 43.25 g. of cp. 
potassium ferrocyanide and 14 g. of c.p. crystallized sodium sulfite, 
dissolve in water and make up to 1 liter at room temperature. Shake 
thoroughly. Standardize against a zinc solution of known concen- 
tration prepared from spelter of known zinc content or from c.p. 
zinc oxide which has been previously ignited. One cubic centimeter 
of this solution will be equal to approximately 0.01 g. of zinc. ‘The 
standardization should be carried out as nearly as possible in the 
same manner as in the estimation of zinc and approximately the 
same amount of zinc should be present. Keep the solution in a dark 
bottle. Shake thoroughly before each using and standardize each 
time it is used. 

Uranium Acetate Indicator.—Dissolve 4.4 g. of c.p. uranium 
acetate, free from sodium, in 100 cc. of hot water and 2 cc. of glacial 
acetic acid. Use this as an external indicator on a paraffined plate 
making the drops as nearly 0.05 cc. as possible. 

Hydrogen Peroxide.—The usual laboratory reagent is satis- 
factory, if fresh. 

Hydrogen Sulfide Solution—vThe usual laboratory reagent is 
satisfactory. 


1 Criticisms of these Tentative Methods are solicited and should be directed to Mr. J. A. Newlin, 
Secretary of Committee D-7 on Timber, Forest Products Laboratory, Madison, Wis. 
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DETERMINATION OF INSOLUBLE OR BASIC ZINC CHLORIDE 


Weigh from 10 to 14 g. of the sample, if fused or granulated, 
from a stoppered weighing bottle, or place an equivalent quantity, 
if a solution, into a 600-cc. beaker. Add cold water to 400 cc. Stir 
the contents of the beaker until solution is complete. Allow to settle 
over night. Filter the solution through a 12.5-cm. filter paper which 
has previously been washed, dried, and weighed. Receive filtrate in 
a 1000-cc. graduated measuring flask. Policeman the beaker, and’ 
wash the insoluble matter in the filter paper until the filtrate measures 
1 liter. Dry the filter paper containing the insoluble matter over 
night in an oven heated to 100° C. (212° F.). Cool and weigh be- 
tween clipped watch glasses. Calculate the increase in weight of 
filter paper to a percentage of the original sample.! 

Duplicate determinations should check within 1.3 per cent. 


DETERMINATION OF ZINC 


(a) Volumetric method. (For use when manganese chloride does 
not exceed 0.3 per cent.) 


The filtrate obtained from the estimation of insoluble basic zinc 
chloride and whose volume is exactly 1 liter is shaken and three 
aliquot portions of 100 cc. each are taken with an accurate 100-cc. 
pipette and transferred into 450-cc. Griffins beakers. Add to each 
portion 15 g. of ammonium chloride and 5 cc. of concentrated hydro- 
chloric acid. Dilute to 350 cc. and heat nearly to boiling. ‘Titrate 
slowly with vigorous stirring using a solution of potassium ferro- 
cyanide as the standard reagent and uranium acetate as an external 
indicator. The average of the three aliquot portions should be 
reported. 

(b) Volumetric Method. (For use when the manganese chloride 

equals or exceeds 0.3 per cent.) 


To the aliquot portions taken as described under (a), 1 cc. of 
hydrogen peroxide (2 to 3 per cent) and 10 cc. of ammonia (1: 1) 
shall be added, Stand on steam bath until settled. Filter off the 
manganese, wash beaker and paper twice with hot water. Dissolve 
the precipitate in the smallest amount of hydrochloric acid (1: 1) in the 
original beaker, heat until all is dissolved; the volume of the solution 
should be about 20 cc. Reprecipitate the manganese with 1 cc. of 
hydrogen peroxide and 10 cc. of ammonia, boil, filter, and wash 
several times with hot water. Add the filtrate to that obtained in 
the first separation. Add 15 cc. of concentrated hydrochloric acid 


1A Gooch crucible may be used in place of the weighed filter paper. 
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to the combined filtrate and just neutralize with concentrated am- 

monia, then add 5 cc. of hydrochloric acid in excess. Dilute to 325 

cc. and add 25 cc. of saturated hydrogen sulfide water to remove any 
traces of hydrogen peroxide, heat and titrate as in (a). 

(c) Gravimetric Method. (Alternate method, for use when only 

a limited amount of work is necessary.) 

The filtrate obtained from the estimation of insoluble basic 
zinc chloride and whose volume is exactly 1 liter is shaken and three 
aliquot portions of 200 cc. each are taken with an accurate pipette 
and transferred to 450-cc. Griffins beakers. Add to each 4 cc. of 
concentrated c.p. sulfuric acid. EEvaporate on a steam bath; then 
on a steam plate or hot plate to copious SO; fumes, to completely 
eliminate chlorides. Cool and take up in 100 cc. of hot distilled 
water. Add 0.5 g. of aluminum powder. Cover with a watch glass. 
Heat to boiling and boil 5 minutes. Filter through an 11-cm. filter 
paper. Receive the filtrate in a covered 1000-cc. Griffins beaker. 
Wash the beaker and filter thoroughly with hot water until a drop of 
methyl orange indicator placed behind the double fold of filter paper 
shows no acidity. Exactly neutralize the filtrate with dilute am- 
monia. Use great care and precision, and carry the neutralization 
just to the end point. 

Add 10 cc. of 0.1 W sulfuric acid (3 cc. of concentrated c.p. sul- 
furic acid in 1000 cc. of water). Dilute to 650 cc. Cover the beaker, 
and bubble a rapid stream of hydrogen sulfide for one-half to one 
hour at room temperature. 

Settle and filter through a double filter of one 15-cm. and one 
11-cm. paper! folded together. Transfer the precipitate to the filter 
paper. Thoroughly policeman the beaker until the zinc sulfide is 
all removed except a very thin film which clings tenaciously to the 
glass at the surface of the liquid. Thoroughly wash the beaker and 
precipitate at room temperature with water saturated with hydrogen 
sulfide. Repeat washing of filter paper, and precipitate five or six 
times. Transfer paper and precipitate to an ignited, cooled, desiccated 
and weighed porcelain crucible of suitable capacity (about 25 to 
30 cc.). Carefully dry the paper and precipitate and when dry com- 
pletely burn off the paper at as low a temperature as possible. When 
carbon has been completely burned out, ignite the resultant oxide of 
zinc strongly to as high a temperature as is available, but not higher 
than can be attained with a laboratory blast lamp with the aid of gas 
and air. Heat for 30 minutes. After strong ignition, cool the crucible, 
desiccate and weigh. The increase in weight is zinc oxide. The 


3 Ashlees paper should be used. 
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weight of the zinc oxide multiplied by the factor 1.6749, multiplied 
by 100, divided by the weight of sample in the aliquot portion taken, 
equals the percentages of zinc chloride. 

The average of the results obtained with the three aliquot portions 
analyzed shall be reported. Results should agree within 1.5 per cent. 


‘ESTIMATION OF IRON AND ALUMINA 


Weigh 10 g. of the sample, if fused or granulated, or place an 
equivalent quantity, if a solution, into a suitable beaker and dissolve 
in 100 cc. of water or dilute to 100 cc., if a solution. Add sufficient 
hydrochloric acid to dissolve any basic zinc chloride. Add a slight 
excess of bromine water and boil off excéss. Neutralize with a weak 
solution of sodium carbonate until a permanent precipitate of zinc 
carbonate is obtained. Add three drops of glacial acetic acid and 2 
g. of sodium acetate, and boil. Filter and wash. Redissolve the 
precipitate in the original beaker with hot hydrochloric acid (1: 1). 
Reprecipitate the iron and alumina with a slight excess of ammonia, 
filter and wash free from chlorine. Ignite in a platinum crucible and 
weigh as Fe,03 +Al,03. 
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TENTATIVE METHOD OF TEST 
FOR 
WATER ABSORPTION OF SLATE!‘ 


Serial Designation: D 221-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to annual revision. 


ISSUED, 1925. 


It is often desirable to gain some idea of the porosity of a material in ques- 
tion. Actual determinations of the pore space require the use of rather elaborate 
and refined equipment as well as considerable precision in carrying out the 
tests. For comparative purposes the absorption test affords a simple and 
sufficiently accurate means of obtaining the desired information. As applied 
to slate this test requires somewhat more care and precision than many other 
materials because of its dense nature and, consequently, the small quantities 
to be dealt with. Furthermore, the cleavage of slate—that property which 
permits it to be split into thin sheets of uniform thickness—must be taken into 
consideration when this test is made. On this account misleading results are 
often obtained on cubical specimens due to accidental cleavage cracks in the 
specimens. The shapes of specimens and larger number of specimens recom- 
mended in the following procedure are intended to eliminate to a large extent, 
the inconsistent results which may be obtained on this material. 


I. TEST SPECIMENS 


1. Six representative specimens of the particular slate under con- 
sideration shall be submitted for this test. Each specimen shall be 
6 by 6 in. measured along the cleavage planes and ¢ in. in thickness. 

2. The specimens shall be given a honed finish on all surfaces 
and edges. | 


II. PROCEDURE 


3. The specimens shall be dried in an oven at a temperature 
between 110 and 120° C. for a period of 24 hours. 

4. After drying, the specimens may be cooled in the room for 
15 minutes and then weighed. In cases where it is not possible to 
weigh the specimens immediately upon cooling, they shall be placed 
in a desiccator. The weights shall be determined to the nearest 0.05 g. 

5. After the initial weighing the specimens shall be wholly 
immersed in water at approximately 20° C. for 48 hours. At the end 
of this period all faces and edges shall be thoroughly wiped off with 


1 Criticisms of this Tentative Method are solicited and should be directed to Mr. D. K. Boyd, 
Secretary of Committee D-16 on Slate, Structural Service Bureau, Otis Building, Philadelphia. 
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a dry cloth, and the specimens immediately weighed to the same 
precision as employed for the initial weights. 

6. The percentage of absorption shall be calculated from the 
formula: 
(B—A)100 


Percentage of absorption = .; 


where A =dry weight of specimen and B=weight of specimen after 
immersion. 

_ 7. The average absorption of the six specimens shall be reported 
as the absorption of the slate. If any individual value differs from 


Computation 
of Results. 


Reporting 
Results. 


the average of the six determinations by more than 25 per cent of © 


the average value, the specimen shall be examined for defects, and if 
the result appears to be due to an imperfect specimen, it shall be dis- 
carded. The absorption shall then be reported as the average of the 
results obtained upon the remaining specimens. ‘The report shall in 
all cases include the results of all determinations as information. 


ALTERNATIVE METHOD 


Occasionally it is desirable to obtain results in a shorter period than that 
required by the above procedure. In such cases, the 48-hour immersion period 
may be supplanted by an 8-hour boiling period. In this procedure the different 
steps are the same as the foregoing method up to that of immersion. Instead 
of allowing the specimens to soak for 48 hours they may be placed in an enameled 
pan or other suitable vessel, covered with water and boiled for 8 hours. Before 
the final weighing the specimens shall be cooled by allowing tap water to flow 
over them for at least 30 minutes. The computation and reporting of results 
are as outlined in the above procedure. Eight hours boiling has been found to 
give practically the same saturation as 48 hours soaking, 
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TENTATIVE METHODS OF FLEXURE TESTING OF SLATE! 


(DETERMINATION OF MODULUS OF RUPTURE 
AND MODULUS OF ELASTICITY) 


Serial Designation: D 222-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to annual revision. 


ISSUED, 1925 


Due to the unique properties of slate the flexure test is better adapted to 
use for strength and elasticity determinations than either compression or 
tension tests. Furthermore, several.uses of slate are such that these determi- 
nations are of special interest and value, besides furnishing comparative data. 

The property of slate termed ‘‘grain”’ causes a slab of the material to break 
transversely in one direction somewhat more readily than at right angles to 
this direction. For this reason it is desirable to test the strength and elasticity 
both parailel and perpendicular to the grain. 

In the quarrying of slate, blasting is frequently resorted to and for this 
reason certain portions of the material may have been unduly strained. Low 
or erratic strength results on some of the test specimens should be regarded in 
the light of defective material. 


A. Modulus of Rupture 
I. TEST SPECIMENS 


1. Six representative specimens, 12 by 1} by 1 in. in size, of the 
particular slate under consideration shall be submitted for this test. 

2. The slate for test shall have been split to a thickness of approx- 
imately 14 in. and then sawed into strips 12 in. in length by 14 in. in 
width. Half of these shall be cut with the length parallel to the grain 
and the other half with the length perpendicular to the grain. The 
12 by 1% in. faces shall then be planed to smooth surfaces and rubbed 
down to a thickness of approximately 1 in., care being taken to have 
the finished faces as nearly parallel as practical. 


NotTe.—The shapes of specimens recommended for modulus of rupture and 
elasticity tests were determined partly by consideration of the proportions best 
adapted to the respective tests and partly on account of the convenience of pre- 
paring them from stock material. The small sizes recommended were first for 
economy of material and second, to permit the use of lighter testing equipment. 
Where only the large machines are available it is desirable, in order to obtain con- 
sistent results, to use larger specimens. In such cases approximately the-same pro- 
portionate dimensions should be adhered to for the respective tests. 


1 Criticisms of these Tentative Methods are solicited and should be directed to Mr. D. K. Boyd, 
Secretary of Committee D-16 on Slate, Structural Service Bureau, Otis Building, Philadelphia. 
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II. PROCEDURE 


3. Before testing, the specimens shall be dried in an oven at a prying. 
temperature of 110 to 120° C. for 24 hours. 

4, The thickness and the width of the specimen at the middle Measuring 
shall be measured to the nearest 0.01 in. Specimens. 

5. The testing machine shall be sensitive to 5 Ib. when loaded to Testing. 
500 lb. The specimen shall be supported flatwise on knife edges of 
the type shown in Fig. 1, spaced 10 in. on centers. The load shall be 


Knife Edge , 
Cujrey z Radius, 


Ht “5 “eo Approx. 
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A, B = Cast Iron Wedges. 
C, D = Cold-Rolled Steel. — 


Bre. a1; 


applied by a third knife edge at the middle of the span. The rate of 
loading shall be approximately 100 lb. per minute. The breaking 
load shall be recorded to the nearest 5 lb. 
6. The modulus of rupture shall be calculated from the formula: computation 
3 aol of Results. 
T 2b 

where w=breaking load in pounds, /=length of span in inches, b= 
width of specimen in inches, and d=thickness of specimen in inches. 

7. The average value of the three specimens cut parallel to the Reporting 
grain shall be reported as the modulus of rupture parallel to the grain, Results. 
and the average value of the other three, as the modulus of rupture 
perpendicular to the grain. In case any specimen shows a value 25 
per cent lower than the average of its group, it shall be examined for 
' defects and if the low value appears to be due to an imperfection, the 
average of the other two shall be reported as the modulus of rupture 
of the group. All determinations shall be reported as information. 


NotTE.—The following method of marking the specimens before testing is 
recommended: 

By means of a tri-square the middle section and two end sections, 5 in. distant 
from the center, may be circumscribed. These marks serve as a guide to the oper- 
ator in properly centering and aligning the specimen in the testing machine. 
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B. Modulus of Elasticity 
Ill. TEST SPECIMENS 

8. Six specimens, 12 by 4 by 2 in. in size, shall be submitted for 
the test of each particular slate under ponsiceaHeat 

9. The slate for test shall have been split to a thickness of approx- 
imately 3 in. and sawed into strips 12 in. in length by 4 in. in width. 
Half of these shall be cut with the length parallel to the grain and the 
other half with the length perpendicular to the grain. The 12 by 
4-in. faces shall be planed to smooth surfaces and rubbed down to a 
thickness of approximately 2 in., care being taken to have the finished 
surfaces as nearly parallel as practical. 


Lf 


IV. PROCEDURE 

10. The specimens shall be dried, measured and placed in a test- 
ing machine of the same type as described for the modulus of rupture 
test. The specimens shall be supported flatwise on knife edges of 
the type shown in Fig. 1, spaced 10 in. apart and loaded at the center 
by means of a third knife edge at the center of the span. A deflec- 
tometer, capable of measuring accurately to 0.001 in., shall be used to 
indicate the deflections at the center of the span. ‘The load shall then: 
be applied in 50-lb. increments and the corresponding deflections 
recorded. 

11. The load deformation readings shall be plotted,.on cross-section 
paper to a convenient scale, and a straight line drawn to represent as 
nearly as possible the average of the points plotted. If this line does 
not pass through the origin of coordinates, a corrected line parallel 
to this line shall be drawn through the origin. The modulus of elas- 
ticity shall be computed from the coordinates of some convenient 
point on the corrected curve from the formula: 

We 

~ 4Abd 
where w= the load ordinate of this point, A=deformation ordinate of. 
same, /=the length of span in inches, )=the width of the specimen 
in fone and d=the thickness of the specimen in inches. 

12; ia The average value of the three specimens cut with the 
length parallel to the grain shall be reported as the modulus of elas- 
ticity parallel to the grain, and the average of the other three, as the 
modulus of elasticity perpendicular to the grain. 

(b) In case one specimen shows a value 25 per cent lower than 
the average of its group, it shall be examined for defects, and if the 
low result appears to be due to an imperfection, the average of the 
other two determinations shall be reported as the modulus of elasticity 
of the group. All determinations shall be reported as information. 


TENTATIVE SPECIFICATIONS 
$1059 FOR 
ACID-RESISTING ASPHALT MASTIC! 


Serial Designation: D 223 — 25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not'a Standard of the Society and is subject to-annual revision. 


IssuED, 1925 


1. (a) These specifications cover the materials for asphalt mastic 
suitable for use in waterproofing, consisting of mastic cake, asphalt 
cement and mineral aggregate. 

(b) The grade of asphalt mastic covered by these specifications 
is suitable for waterproofing, tank linings, floors, etc., where dilute 
mineral acids at temperatures below 100° F. (38° C.) are encountered. 

2. This asphalt is a mixture of mastic cake, asphalt cement and 
mineral aggregate, which at a temperature of approximately 205° C. 
(400° F.) is sufficiently plastic to be poured into place and compressed 
with a wooden trowel or equivalent tool into a compact mass. 

As used for strictly waterproofing purposes the mastic cake, 
asphalt cement and mineral aggregate are combined under heat and 
manual stirring in substantially the following proportions by weight: 


Pe RE etre SW ka i ic gle Gutta oan ard 48 per cent 
CLV S LC ML ep le gig Coen od ean did ie lk Pa oilaaliaha aia aarti Pa 5 oe, 
MineravAperegate Yt itt a, Ske tT POO). 47 a 


3. (a) The mastic cake shall conform to the following require- 
ments: 


Veetuit mer cakens title aee i inbut tang’ lates She w not more than 80 lb. 
Soluble in pure benzol..................14 to 18 per cent by weight 
Pnsoluble in pure DenzZol\.. 3 aw. einen 82 to 86 per cent by weight 


(b) The matter soluble in pure benzol shall be asphalt cement, 
which, after recovery from the mastic cake, shall conform to the 
requirements of the Tentative Specifications for Asphalt Cement, 25 

1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. Prévost 


Hubbard, Secretary of Committee D-8 on Bituminous Waterproofing and Roofing Materials, 441 
Lexington Ave., New York City. 
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to 30 Penetration, for Use in Sheet Asphalt and Asphaltic-Concrete 
Pavements (Serial Designation: D 163-23 T) of the American 
Society for Testing Materials.1 

(c) The matter insoluble in pure benzol shall be granular mineral 
matter which after recovery from the mastic cake shall conform to the 
following requirements as to grading. 


Passing 200-mesh Sieve.........00 0 2.0 cb eee not less than 25 per cent 
Passing 10-mesh sieve, retained on 50-mesh 

SIGVES Michie ha GoeUE ES Ain 2 iy eRe not more than 25 ‘ 
Retained on 10-mesh sieve................ not more than 1 : 


It shall contain not more than 5 per cent by weight of material 
soluble in hydrochloric acid. 

4. The  phalt cement shall conform to the requirements of the 
Tentative Specifications for Asphalt Cement, 25 to 30 Penetration, 
for Use in Sheet Asphalt and Asphaltic-Concrete Pavements (Serial 
Designation. D 163-23 T) of the American Society for Testing 
Materials.! 

5. The mineral aggregate shall be gravel or crushed stone and 
sand and free from earbonates. It shall conform to the following 
requirements as to grading: 


Passing 200-mesh sieve............000008: none 
Passing 50-mesh sieve, retained on 200-mesh . 

SIEVE 6. oad de ES ao bus nor more than 25 per cent 
Passing 10-mesh sieve, retained on 50-mesh 

SIEVE PEE OP BD Ge Saat not less than 25 “is 
Passing 4-mesh sieve, retained on 10-mesh 

SiéVex.gsh .adals ators AEB ark GP ae not less than 50 ig 
Retained on 4-mesh sieve...............-. not more than 10 * 


It shall contain not more than 5 per cent by weight of material 
soluble in hydrochloric acid. 

6. The properties enumerated in these specifications shall be 
determined in accordance with the Tentative Methods of Testing 
Bituminous Mastics, Grouts and Like Mixtures (Serial Designation: 
D 147 - 25 T) of the American Society for Testing Materials. 


1 See p. 454. 
2 See p. 622. 


TENTATIVE SPECIFICATIONS 
FOR 
SMOOTH-SURFACED ASPHALT ROLL-ROOFING! 


Serial Designation: D 224-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to annual revision. 


IssuED, 1925 


1. These specifications cover smooth-surfaced roll-roofing (me- 
dium and heavy weights), either 36 in. or 32 in. in width, composed of 
roofing felt saturated and coated on both sides with asphalt, and 
surfaced top and bottom with powdered talc or mica. The medium 
weight roofing is intended for use on semi-permanent structures and 
the heavy weight roofing for use on permanent structures. 


I. MANUFACTURE 


2. In the process of manufacture, a single thickness of dry roofing 
felt shall be impregnated with an asphaltic saturant, then coated on 
both sides with an asphaltic coating, and finally surfaced on both sides 
with powdered talc or mica. 

3. The felt shall be a roofing felt produced by ‘‘felting”’ vegetable 
and animal fibers. The surface of the felt shall be uniformly smooth, 
and upon splitting or tearing on the bias, shall appear reasonably free 
from lumps of underbeaten stock (i.e., stock which has not been 
beaten or shredded into fiber in the process of manufacture) and 
particles of foreign substances (7.e., fragments of stone, metal, leather, 
rubber, straw, wood, etc.). 

4, The saturant and coatings shall be composed principally of 
asphaltic materials, and the presence of saponifiable constituents shall 
be permitted. 

5. The felt shall be thoroughly and uniformly saturated and shall 
show no unsaturated spots at any point upon cutting 2-in. strips at 
random across the entire sheet and splitting them open for their full 
length. 

6. The surfacing shall be non-combustible material such as 
powdered talc or mica. 


1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. Prévost 
Hubbard, Secretary of Committee D-8 on Bituminous Fiaearschne and Roofing Materials, 441 


Lexington Ave., New York City. 
r 
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Ii?) ‘PHYSICAL PROPERTIES 


7. The fabricated product shall conform to the following require- 
ments: 
(a) Width of Roll—Either 36 or 32 in., as may be specified, 
Saat whee 
(b) Area of Roll—rThe average area of the rolls examined 
shall contain as specified not less than either 108 
sq. ft. or 10 sq. ft., yee shall be sufficient to cover 
one or two ‘ ‘squares, ” respectively. 
(c) Weight of Wrapping, Packing, Nails and Cement per 
“Square,” maximum, 3 lb. 


NotTEe.—Special fixtures may be furnished in lieu of nails and cement, if agreed 
upon by the purchaser and seller, in which event the above weight may be increased. 


(d) Weight of Material per 108 sq. ft. Exclusive of Wrapping, 
Packing, Loose Mineral Surfacing, Natls and Cement.— 

Medium weight, average, 42 lb., minimum, 40 lb. 

Heavy weight, average, 52 lb., minimum, 49 lb. 

(ce) Pliability at 77° F. (25° C.).—Shall not crack on 10-mm. 
mandril. 

(f) Behavior on Heating to 176° F. (80° C.) for 2 Hours.— 
Volatile matter, maximum, 1.5 per cent. There 
shall be no fdain 3 sagging, esos or absorption 
of the surface coatings. 

(g) Saturant in Moisture-free Feli—Medium and heavy 
weights, minimum, 140 per cent by weight. 

(h) Weight of Moisture-free Desaturated Felt per 108 sq. ft.— 

Medium weight, minimum, 10.8 Ib. (‘‘Number”’ 48). 

Heavy weight, minimum, 13.5 lb. (‘‘Number”’ 60). 

(i) Ash in Moisture-free. Desaturated Felt—Maximum, 10 
per cent. 

(7) Weight of Mineral Surfacings and Mineral Matter in 

: Coatings per 108 sq. ft.—Medium and heavy snehty 
maximum, 2 lb. 

Note.—Should the weight exceed 2 lb. the material shall nevertheless be accept- 
able, provided the finished weights per 108 sq. ft. are increased by a like amount 
over the figures specified in Paragraph (d). 

III. WORKMANSHIP AND FINISH 


bs 


Finished 8. The surfaces shall be smooth or veined. si ribbed sur- 
Appearance. faces shall not be acceptable. | 
Freedom ' 9, The finished product shall be free from seb oe deters 


from Defects. Sich as holes, ragged or untrue edges, breaks, cracks, tears, pro- 


tuberances and indentations.* 
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_ 10. ‘The coating and mineral surfacing shall be applied uniformly 
up to the edges of the sheet. 

11. The mineral surfacing shall uniformly cover both sides of 
the sheet. 

12. ‘The coating and surfacing shall be of such a nature that the 
finished product will not crack, or be sticky enough to cause tearing 
or material damage, upon being unrolled at atmospheric temperatures 
above 50° F. (10° C.). 


IV. PACKING 


13. (a) The roofing shall be put up in rolls of 108 sq. ft. or 216 
sq. ft. as specified in the order. No roll shall contain more than two 
pieces of roofing, nor shall there be more than 3 per cent of rolls con- 
taining two pieces in any shipment. ‘The rolls shall be tightly wound 
and securely wrapped in a substantial grade of paper. The wrapper 
shall completely encircle the roll and shall be pasted at the overlap 
in a manner which will prevent it shifting from position. The ends 
of the rolls shall be protected with metal caps, cloth or other suitable 
means. ‘The nails and lap-cement shall be furnished either in each 
roll, or in bulk as specified in the order. When furnished in bulk, the 
cloth or metal ends may be omitted. Each roll shall be plainly marked 
with the manufacturer’s name and brand or as agreed upon by the 
purchaser and seller and shall contain printed directions for laying. 
Rolls for export shipment shall be packed as agreed upon by the 
purchaser and seller. 

(b) Nails——The gage of the wire shall not be greater than “A. S. 
& W.” No. 10 (0.135 in.) nor thinner than No. 12 (0.105 in.); the 
head shall not be less than ? in. in diameter, and not less than 0.025 in. 
thick; the shank shall be between 2 and 1 in. long, with its lower end 
pointed, and shall be either smooth or barbed, and if the latter, then 
the barbings shall not increase the diameter of the lower two-thirds 
more than 0.01 in. ‘The nails shall be zinc coated with not less than 
4 oz. nor more than 14 oz. per sq. ft. of nail surface. Hot-galvanized, 
electrogalvanized, or sherardized coatings will be accepted. There 
shall be furnished per ‘‘square” not less than an average of 252 nails 
for 36-in., and not less than an average of 275 nails for 32-in. roofing. 

(c) Lap-cement.—The cement shall be composed of bituminous 
materials dissolved in a volatile solvent, and shall be of such a nature 
as to firmly bind the laps without injurious effect upon the roofing. 
The cement shall have a minimum flash point of 71° F. (21.5° C.) when 
tested by the Tagliabue Closed-cup Tester. There shall be furnished 


for each square of 36-in. roofing not less than ¢ pint and for 32-in. 


Distribution 
of Coatings 
and Surfacing. 
Adhesion of 
Surfacing. 


Stickiness. 


600 ‘TENTATIVE SPECIFICATIONS FOR ASPHALT ROLL-ROOFING 


roofing not less than 1 pint. The addition of 5 to 20 per cent by weight 
of short-fibered asbestos shall be permitted, in which case the quantity 
of cement shall be increased by } pint per “square.” 


V. SAMPLING AND TESTING 
14. The material shall be sampled and the properties enumerated 
in these specifications shall be determined in accordance with the 
Tentative Methods of Testing Smooth-Surfaced Asphalt Roll-Roofing, 
Slate-Surfaced Asphalt Roll-Roofing and Slate-Surfaced Asphalt 
Shingles (Serial Designation: D 228 — 25 T) of the American Society 
for Testing Materials.! 


VI. INSPECTION 


15. Inspection of material shall be made as agreed upon by the 
purchaser and seller as part of the purchase contract. 


1See p. 628. 


TENTATIVE SPECIFICATIONS 
FOR 
SLATE-SURFACED ASPHALT ROLL-ROOFING AND 
SLATE-SURFACED ASPHALT SHINGLES! 


Serial Designation: D 225 - 25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to annual revision. 


ISSUED, 1925 


1. These specifications cover slate-surfaced roll roofing, either 36 
or 32 in. in width, and slate-surfaced composition shingles, composed 
of roofing-felt saturated and coated on both sides with asphalt and 
surfaced on the weather side with granulated slate (green, red, black, 
or such color or combinations of color as may be agreed upon between 
the purchaser and seller), or similar mineral material to be specified 
by the purchaser, and on the reverse side with powdered talc or mica 
to prevent the roofing or shingles adhering together in the package. 
Such roofing and shingles are intended for use on semi-permanent and 
permanent buildings, 


I. MANUFACTURE 


2. In the process of manufacture, a single thickness of dry roofing 
felt shall be impregnated with an asphaltic saturant, then coated on 
both sides with an asphaltic coating, and finally surfaced on the weather 
side with granulated slate or similar mineral material to be specified 
by the purchaser, and on the reverse side with powdered talc or mica. 

3. The felt shall be a roofing felt produced by “‘felting”’ vegetable 
and animal fibers. The surface of the felt shall be uniformly smooth, 
and upon splitting or tearing on the bias, shall appear reasonably free 
from lumps of underbeaten stock (i.e., stock which has not been 
beaten or shredded into fiber in the process of manufacture) and 
particles of foreign substances (7.e., fragments of stone, metal, 
leather, rubber, straw, wood, etc.). 


1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. Prévost 
Hubbard, Secretary of Committee D-8 on Bituminous Waterproofing and Roofing Materials, 441 
Lexington Ave., New York City. 
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Character of 4. The saturant and coatings shall be composed principally of 

See ei asphaltic materials, and the presence of saponifiable constituents 
shall be permitted. 

Character of 5. The felt shall be thoroughly and uniformily saturated, and shall 


Setar, show no unsaturated spots at any point upon cutting 2-in. strips at 
random across the entire sheet and splitting them open for their full 
length. 

Character of 6. The surfacing on the weather side shall be granular crushed 

Siteciis slate or similar mineral material, as may be specified by the purchaser 


(in either green, red, blue-black or such other color or combinations 
of color as may be agreed upon between the purchaser and seller), shall 
be sufficiently free from fines or dust to permit the firm adhesion of 
the larger particles of the surfacing and provide a uniform distribution. 


The under side of the sheet shal! be surfaced with a non-combustible 


material such as powered mica or talc. 


Il PHYSICAL PROPER TINS 


dy The fabricated product shall conform to the following ree 
ments: 
(a) Width of Roll; Size and Form of Shingles: Slate roll- 
roofing shall be either 36 or 32 in. in width, as may be 
specified, +7 in. 


Shingles shall be of a size and form as may be agreed: 


upon between the purchaser and seller. 
(b) Area per Package: Slate-Roll—rThe average area of the 


rolls examined shall contain not less than 108 sq. ft., 


which shall be sufficient to cover one ‘‘square”’. 
Shingles—Sufficient material shall be furnished per 
“square”? as may be agreed upon between the pur- 


chaser and seller to adequately waterproof, when laid, 


the surface to which the shingles are applied. 
(c) Weight of Wrapping and Packing Material per “Square”: 
Slate Roll including nails and lap-cement, maximum, 


3 lb. 


NotE.—Special fixtures may be furnished in lieu of nails and cement, if agreed 
upon by the purchaser and seller, in which event the above weights may be increased. 


Shingles (packing only), maximum 12 lb. 


(d) Weight of Material per 108 sq. ft. Exclusive of Wrapping, | 


Packing, Loose Mineral Surfacing, Natls and Cement.— 
Slate Roll and Shingles, average, 82 lb., minimum, 
80 Ib. 


- 
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(ce) Pliability at 77° F. (25° C.): Slate Roll.—Shall not 
crack on 25-mm. mandril. Shingles—No require- 
ments. 

(f) Behavior on Heating to 176° F. (80° C.) for 2 hours.— 
Volatile matter, maximum 1.5 percent. There shall 
be no flowing, sagging, blistering or absorption of the 
surface coatings. Granular surfacings shall not slide 
more than +g in. when suspended vertically. 

(g) Saturant in Moisture-Free Felt: 

Slaie Roll, minimum, 140 per cent by weight. 
Shingles, minimum, 150 per cent by weight. 

(h) Weight of Moisture-Free Desaturated Felt per 108 sq. ft.— 
Slate roll and shingles, minimum 10.8 lb. (“‘Number”’ 
48). 

(4) Ash in Motsture-Free Pecurated Felt—Maximum, 10 
per cent. 

(j) Weight of Mineral Surfacings and Mineral Matter in 
Coating per 108 sq. ft—Slate roll and shingles, maxi- 
mum 35 lb. 


III. WORKMANSHIP AND FINISH 


8. The weather surface shall be uniform in finish and texture. 

9. The finished product shall be free from visible external defects, 
such as holes, ragged or untrue edges, breaks, cracks, tears, protu- 
berances and indentations. 

10. The coating and granules shall be applied in a uniformly 
smooth layer over the entire weather surface, except that slate-roll 
roofing may be provided with a bare lapping edge, 2 in. wide, along one 
edge of the sheet, where either the slate alone, or both the slate and 
coating may be omitted. The under surface of the sheet shall have 
the asphalt coating and mineral suulacine applied uniformily to the 
edges. 

Mh. The granular surfacing shall be Wd eas in the coating in 
‘such a manner that when rubbed vigorously with the hand, sufficient 
surfacing will remain embedded to completely cover the ea ery 

12. For slate-roll-roofing, the coating and surfacings shall be of 
such a nature that the finished product will not crack or stick together 
so as to cause tearing or damage upon being unrolled at atmospheric 
temperatures above 50° F. (10° C.). For shingles, the coating and 
surfacings shall be of such a nature that the finished products will not 
adhere together in the bundles so as to tear off or loosen the eating 
when unpacked. 


Finished 
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IV. PACKING 


13. (a) Slate roll-roofing shall be put up in rolls of 108 sq. ft. 
No rolls shall contain more than two pieces nor shall there be more 
than 3 per cent of rolls containing two pieces in any shipment. ‘The 
rolls shall be tightly wound and securely wrapped in a substantial 
grade of paper. ‘The wrapper shall completely encircle the roll and 
shall be pasted at the overlap in a manner which will prevent it shift- 
ing from position. ‘The ends of the roll shall be protected with metal 
caps, cloth or other suitable means. The nails and lap-cement shall 
be furnished either in each roll or in bulk, as specified in the order. 
When furnished in bulk, the cloth or metal ends may be omitted. 
Rolls for export shipment shall be packed as agreed upon by the 
purchaser and seller. 

Shingles shall be packed in bundles weighing not more than 135 
lb. gross. The bundles shall either be packed in cardboard cartons 
or between wooden or cardboard ends and tied with rope, wire or 
steel bands so as to make a substantial package, as may be agreed 
upon by the purchaser and seller. Each roll or package shall be 
plainly marked with the manufacturer’s name and brand or as agreed 
upon by the purchaser and seller, and shall contain printed directions 
for laying. 

(b) Nails.—The gage of the wire shall not be greater than “A. S. 
& W.” No. 10 (0.135 in.) nor thinner than No. 12 (0.105 in.); the head 
shall be not less than 2 in. in diameter, and not less than 0.025 in. 
thick; the shank shall be between ? and 1 in. long for slate-roll roofing, 
and for shingles 1 in. long when laid on solid sheathing, or 14 to 12 
in. when laid over old shingles. ‘The lower end of the shank shall be 
pointed, and either smooth or barbed, and if the latter, then the 
barbings shall not increase the diameter of the lower two-thirds more 
than 0.01 in. The nails shall be zinc coated with not less than 3 oz. 
nor more than 1% oz. per sq. ft. of nail surface. Hot-galvanized, 
electrogalvanized, or sherardized coatings will be accepted. ‘There 
shall be furnished per ‘“‘square”’ of slate-roll roofing not less than an 
average of 252 nails for 36 in., and not less than an average of 275 
nails for 32-in. roofing. or shingles, the nails shall be purchased 
separately, and the number required per “‘square”’ will depend upon 
the size and form of the shingles and shall be agreed upon by the 
purchaser and seller. 

(c) Lap-cement (for Slate Roll.)\—The cement shall be composed 
of bituminous materials dissolved in a volatile solvent, and shall be 
of such a nature as to firmly bind the laps without injurious effect 
upon the roofing. The cement shall have a minimum flash point of 
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71° F. (21.5° C.) when tested by the Tagliabue Closed-cup Tester. 
There shall be furnished for each square of 36-in. roofing not less ? 
pint and for 32-in. roofing not less than 1 pint. The addition of 5 to 
20 per cent by weight of short-fibered asbestos shall be permitted, 
in which case the quantity of cement shall be increased } pint per 
“‘square”’. 
V. SAMPLING AND TESTING 

14. The material shall be sampled and the properties enumerated 
in these specifications shall be determined in accordance with the 
Tentative Methods of Testing Smooth-Surfaced Asphalt Roll-Roof- 
ing, Slate-Surfaced Asphalt Roll-Roofing and Slate-Surfaced Asphalt 
Shingles (Serial Designation: D 228-25 T) of the American Society 
for Testing Materials.’ 


VI. INSPECTION 


15. Inspection of material shall be made as agreed upon by the 
purchaser and seller as part of the purchase contract. 


1See p. 628. 
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TENTATIVE SPECIFICATIONS 
FOR 


ASPHALT-SATURATED ROOFING FELT FOR .USE IN 
WATERPROOFING AND IN CONSTRUCTING 
BUILT-UP ROOFS! 


Serial Designation: D 226-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to annual revision. 


ISSUED, 1925 


1. These specifications cover bituminized felted fabrics, either 36 
or 32 in. in width, composed of roofing felt saturated, but not coated, 
with asphalt for use in the membrane system of waterproofing and in 
the construction of built-up roofs. 


I. MANUFACTURE 


2. In the process of manufacture, a single thickness of dry roofing 
felt shall be impregnated with an asphaltic saturant. 

3. The felt shall be a roofing-felt produced by “felting” vege- 
table and animal fibers. ‘The surface of the felt shall be uniformly 
smooth, and upon splitting or tearing on the bias, shall appear reason- 
ably free from lumps of underbeaten stock (7.e., stock which has not 
been beaten or shredded into fiber in the process of manufacture) and 
particles of foreign substances (i.e., fragments of stone, metal, leather, 
rubber, straw, wood, etc.). 

4. The saturant shall be composed of asphaltic materials. 

5. The felt shall be thoroughly and uniformly saturated and shall 
show no unsaturated spots at any point upon cutting 2 in. strips at 
random across the entire sheet and sptne them: open for their 
full length. 

6. The surface of the fabric shall not be coated or covered with 
talc or other substance which would tend to interfere with the adhe- 
sion between the fabric and the plying cement. 


1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. Prévost 
Hubbard, Secretary of Committee D-8 on Bituminous Waterproofing and Roofing Materials, 441 
Lexington Ave., New York City. 
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II... PHYSICAL PROPERTIES 


7. The fabricated bituminized felt shall conform to the Kollowitig 
requirements: 

(a) Width of Roll.—Kither 36 or 32 in., as poy be specified, 
ae nh) 

(db) Grose! Weight per Roll—A40 to 80 lb. 

(c) Weight of Wrapping and Packing Material per Roll.— 
Maximum 3 lb. 

(d) Weight of M een per 100 sq. ft. exclusive of Baleine and 
Wrapping.—14 lb. +1 lb. 

(ec) Moisture—Maximum, 2.5 per cent of the net weight. 

(f) Loss on Heating (Exclusive of Moisture) at 105° C. (221° 
F.) for 5 hours —Maximum, 2 per cent. 

(g) Pliability at 77° F. (25° C.).—Shall not crack when bent 
flat on itself. 

(h) Saturant in Moisture- Free Felt. GENE ain 140 per cent 
by weight. 

8. The desaturated felt shall conform to the following require- 
ments: 

(a) Weight of Morsture-Free Desaturated Felt—The average 
“Number” (expressed on the basis of pounds per 
480 sq. ft.) shall be 27, equivalent to 5.625 lb. per 
100 sq. ft., with a barmissible variation of 10 per cent. 

(b) Average Thickness of Desaturated Felt—Minimum, 
0.025 in. 

(c) Ash in Moisture-Free Desaturated Felt—Maximum, 10 
per cent. 


III. WORKMANSHIP AND FINISH 


9. The finished product shall be free from visible external defects, 
such as holes, ragged or untrue edges, breaks, cracks, tears, protuber- 
ances and indentations. ; 

10. The rolls shall not crack, or be sticky enough to cause tear- 
ing or material damage upon being unrolled at atmospheric tempera- 
tures above 50° F. (10° C.). 


IV. PACKING 


11. The rolls of saturated felt need not be wound on cores, but 
they shall be securely wrapped in a substantial grade of paper of the 
same width as the fabric. The wrapper shall completely encircle the 
roll and shall be pasted dt the overlap in a manner which will prevent 
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it shifting from position. ‘The ends of the roll need not be covered. 
As an alternative, the rolls of saturated felt may either be tied with 
strings or simply pasted at the ends, as may be agreed upon by the 
purchaser and seller. No roll shall contain more than two pieces, 
and there shall not be more than 3 per cent of rolls containing two 
pieces in any shipment. Each roll shall be plainly marked with the 
manufacturer’s name and brand or as agreed by the purchaser and 
seller, and shall bear a notation showing the type of saturant. 


V. SAMPLING AND TESTING 


12. The material shall be sampled and the properties enumerated 
in these specifications shall be determined in accordance with the 
Tentative Methods of Testing Felted and Woven Fabrics Saturated 
with Bituminous Substances for Use in Waterproofing (Serial Designa- 
tion: D 146-25 T) of the American Society for Testing Materials.! 


VI. INSPECTION 


13. Inspection of material shall be made as agreed upon by the 
purchaser and seller as part of the purchase contract. 


1 See p. 612. 


TENTATIVE SPECIFICATIONS 
FOR 
COAL-TAR SATURATED ROOFING FELT FOR USE IN 
WATERPROOFING AND IN CONSTRUCTING 
BUILT-UP ROOFS! 


Serial Designation: D 227-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to annual revision. 


IssuED, 1925 


1. These specifications cover bituminized felted fabrics, either 
36 or 32 in. in width, composed of roofing felt saturated, but not 
coated, with refined coal tar, for use in the membrane system of 
waterproofing and in the construction of built-up roofs. 


I. MANUFACTURE 


2. In the process of manufacture, a single thickness of dry 
roofing felt shall be impregnated with a coal-tar saturant. 

3. The felt shall be a roofing-felt produced by “‘felting”’ vegetable 
and animal fibers. The surface of the felt shall be uniformly smooth, 
and upon splitting or tearing on the bias, shall appear reasonably 
free from lumps of underbeaten stock (7.e., stock which has not been 
beaten or shredded into fiber in the process of manufacture) and 
particles of foreign substances (i.e., fragments of stone, metal, leather, 
rubber, straw, wood, etc.). 

4. The saturant shall be composed of coal tar from which the 
highly volatile constituents have been removed. 

» 5. The felt shall be thoroughly and uniformly saturated and 
shall show no unsaturated spots at any point upon cutting 2-in. 
strips at random across the entire sheet and splitting them open for 
their: full length. 

6. The surface of the fabric shall not be coated or covered with 
talc or other substance which would tend to interfere with the adhesion 
between the fabric and the plying cement. | 

1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. Prévost 


Hubbard, Secretary of Committee D-8 on Bituminous Waterproofing and Roofing Materiais, 441 
Lexington Ave., New York City. 
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II. PHYSICAL PROPERTIES 


Fabricated 7. The fabricated bituminized felt shall conform to the following 
Bituminized , 
Felt. requirements: 
(a) Width of Roll—Either 36 or 32-in., as may be specified, 
= 1D 
4 ° 


(b) Gross Weight per Roll.—40 to 80 lb. 
(c) Weight of Wrapping and Packing Material per Roll.— 
Maximum, $ lb. 
(d) Weight of Material per 100 sq. ft. exclusive of Packing 
and Wrapping. —14 lb. +1 lb. 
(e) Moisture—Maximum, 2.5 per cent of the net weight. 
(f) Distillate, per cent by weight to 210° C., calculated on 
extracted saturant, not more than 2. 
Distillate, per cent by weight to 235° C., calculated on 
extracted saturant, not more than 5. 
(g) Pliability at 77° F. (25° C.).—Shall not crack when bent 
flat on itself. 
(h) Saturant in Moisture-Free Felt—Minimum, 140 per cent 
by weight. 
Desaturated 8. The desaturated felt shall conform to the following require- 
Ge ments: 
(a) Weight of Moisture-Free Desaturated Felt—The average 
‘““Number”’ (expressed on the basis of pounds per 
480 sq. ft.) shall be 27, equivalent to 5.625 lb. per 100 
sq. ft., with a permissible variation of 10 per cent. 
(b) Average Thickness of Desaturated Felt—Minimum, 0.025 
in. 
_ (c) Ash in Moisture-Free Desaturated Felt—Maximum, 10 
per cent. 


III. WORKMANSHIP AND FINISH 


Freedom 9. The finished product shall be free from visible external defects, 
from Defects. 
such as holes, ragged or untrue edges, breaks, cracks, tears, pro- 
tuberances and indentations. ; 
Stickiness. 10. The rolls shall not crack, or be sticky enough to cause tearing 
or material damage upon being unrolled at atmospheric temperatures 
above 50° F. (10° C.). 
IV. PACKING 


11. The rolls of saturated felt need not be wound on cores, but 
they shall be securely wrapped in a substantial grade of paper of the 
same width as the fabric. ‘The wrapper shall completely encircle the 
roll and shall be pasted at the overlap in a manner which will prevent 
it shifting from position. ‘The ends of the roll need not be covered. 
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As an alternative, the rolls of saturated felt may either be tied with 
strings or simply pasted at the ends, as may be agreed upon by the 
purchaser and seller. No roll shall contain more than two pieces, 
and there shall not be more than 3 per cent of rolls containing two 
pieces in any shipment. Each roll shall be plainly marked with the 
manufacturer’s name and brand or as agreed by the purchaser and 
seller, and shall bear a notation showing the type of saturant. 


V. SAMPLING AND TESTING 


12. The material shall be sampled and the properties enumerated 
in these specifications shall be determined in accordance with the 
Tentative Methods of Testing Felted and Woven Fabrics Saturated 
with Bituminous Substances for Use in Waterproofing (Serial Designa- 
tion: D 146-25 T) of the American Society for Testing Materials.! 


VI. INSPECTION 


13. Inspection of material shall be made as agreed upon by the 
purchaser and seller as part of the purchase contract. 


1See p. 612. 
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TENTATIVE METHODS OF TESTING FELTED AND 
WOVEN FABRICS SATURATED WITH BITUMINOUS 
SUBSTANCES FOR USE IN WATERPROOFING 
AND ROOFING! 


Serial Designation: D 146-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. 


IssuED, 1922; REVISED, 1923, 1925. 


1. These methods cover the examination of felted or woven 
fabrics saturated (but not coated) with asphalt or coal-tar products, 
for use in the ‘‘membrane”’ system of waterproofing. 


I. SAMPLING. 


2. From each shipment or portion thereof representing a product 
of the same kind, class and weight, a number of rolls shall be selected 
at random, equivalent to the cube root of the total number of rolls in 
the lot. If the cube root, as calculated, proves to be a fractional 
number, it.shall be expressed as the next higher whole number. For 
convenience, the following table is given, showing the number of 
samples to be selected for shipments of various sizes: 


NUMBER OF NUMBER OF 

PACKAGES IN PACKAGES PACKAGES IN PACKAGES 

SHIPMENT. SELECTED. SHIPMENT. SELECTED. 
2 to Soe ee ate ere 2 1332 to 1728... ve eee 12 
Stool Qatar eee 3 1729°t0'2197.. "See 13 
28 ton (64, 10.4 ty taceee 4 2198 to.2744...... 7.2 14 
69 40 SALZS Es ee ee eee 5 2745 t0:3375 23, 4. 25 eee 15 
AZO LO M210... rth. ete a pete 6 3376 to 4096... eee 16 
DAs eG OT Os € os sae eee one 7 4097 to 49133. ou... one 17 
G44 BO O12 oss ok, dence 8 4914 to $832.05 sae see 18 
DLOMO WILLD cw ails wise ce aes 9 5833. to).6859... - a. See 19 
TSO COLLO00 Siete. See 10 6860 to 8000............. 20 
1007 COM 33 15 ROR i cee oe 11 8001 't0.9261.... ca eee 21 


II. EXAMINATION OF FINISHED FABRIC. 


3. The width of each roll taken shall be measured to the nearest 
zz in. The minimum, maximum and average width so obtained 
shall be reported. 

4. Each roll taken shall be weighed intact to the nearest < lb. and 
the minimum, maximum and average gross weight shall be thts 

1 Criticisms of these Tentative Methods are solicited and should be directed, preferably before 


January 1, 1926, to Mr. Prévost Hubbard, Secretary of Committee D-8 on Bituminous Water- 
proofing and Roofing Materials, 441 Lexington Ave., New York City. 
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5. Each roll sampled shall be stripped.’ All the wrappers and Wrapping and 
packing material shall be weighed together to the nearest 4 Ib. and the raoats 
average weight shall be reported. Each roll should be temporarily 
fastened with a piece of light string and handled carefully, so as not 
to disturb any detached surfacing material. 

6. The minimum, maximum and average net weight per roll shall Net Weight 
be calculated by subtracting the average weight of the wrapping and ?*™ Be! 
packing material as determined in Section 5 from the average gross 
weight as determined in Section 4. 

7. Each roll sampled shall be laid flat, the first convolution or two Weight per 
carefully unwound, and with a knife and straight edge the sheet shall Unit Aree. 
be cleanly cut across at right angles to the edges. A section measuring 
30 in. in the direction of the roll’s length shall be removed. If the 
material is surfaced with sand or other fine material any detached 
particles belonging to each 30-in. section should be retained. The 
width of each section shall be measured to the nearest 3; in. Each 
section, together with any detached surfacing, shall be weighed to the 
nearest gram. The weight in pounds per 100 sq. ft. or the weight in 
ounces per sq. yd. shall be calculated from the formulas: 

Pounds per 100 sq. ft. = 1.0582 X Weight of 30-in. section 1n grams 
Width of 30-in. section in inches 
Weight of 30-in. section in grams 
Donker isda yds7.b8 208 * Width of 30-in. section in inches 

From the results obtained for each roll sampled, the minimum, 
maximum, and average weight shall be calculated. 

Notre.—As a referee method or in case any dispute arises regarding the weight 
“per unit area,’’ the method described in Section 8 shall be followed. From the 
net weight of each roll determined as in Section 6, the weight per unit area may be 
calculated as a check. 

8. The average area per roll in square feet shall be calculated by Area per Roll. 
dividing the average net weight per roll, as determined in Section 6, 
by the average weight in pounds per 100 sq. ft. as determined in 
Section 7, and multiplying by 100. 

Note.—As a referee method or in case any dispute arises regarding the ‘‘area 
per roll’’ as calculated, each roll sampled shall be unwound and the total length 
measured within 4 in. with a steel tape. From the width of each roll, as determined 
in Section 3, the “‘area per roll’’ may be accurately calculated as a check and the 
minimum, maximum and average for the shipment calculated. | 

9. If the material is surfaced with sand or other finely comminuted Detached 
material, the surfacing shall be swept with a moderately stiff brush gotmcine. 
from all the 30-in. sections taken. All the material thus removed shall 
be caught and weighed to the nearest ounce. From the aggregate areas 
of all the sections taken, the average weight of detached comminuted 
surfacing Shall be calculated in pounds per 100 sq. ft. 
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10. The thickness of each specimen shall be measured at 10 
equally spaced points, 1 in. from a cut edge, with a micrometer gage 
having flat bearing surfaces at both contact points of not less than 
1 in. in diameter and preferably of the spring-and-dial type. ‘The 
readings for each roll sampled shall be averaged and the minimum, 
maximum and average thickness calculated to the nearest 0.001 in. 

11. From each specimen, 2-in. strips shall be cut as shown at A-1 
and A-2 in Fig. 1. The 2-in. strips shall be cut into 1-in. squares. 
About 50 g., selected at random, shall be eeinney weighed and 
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distilled with 100 cc. of a coal-tar distillate of which 5 to 10 per cent > 
boils below 100° C. (212° F.) and of which at least 90 per cent distills 
up to 180° C. (356° F.) in an apparatus of the form and under the 
conditions prescribed in the Standard Method of Test for Water in 
Petroleum Products and Other Bituminous Materials (Serial Designa- 
tion: D 95) of the American Society for Testing Materials.1 The 
flask containing the solvent and sample shall be heated in a paraffin 
bath at a temperature of 302 to 338° F. (150 to 170° C.) until no 
further water passes over. The distillate shall be allowed to stand in 
the graduated receiver until the water separates, whereupon the volume 
of water shall be measured and its weight calculated. From this, the 
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average percentage of moisture in the fabric, as received, shall be 
calculated. 

12. (a) Felted Fabrics—With a photographic trimmer having a 
stop attached exactly 1 in. behind the blade, ten strips shall be cut with 
the fiber grain, as shown at B-1 to B-10 (Fig. 1) and ten strips across 
the fiber grain as shown at C-1 to C-10. Each strip should measure 
6 in. and have parallel sides 1 in. apart (within #; in.) with the edges 
cut straight and clean. Both sets of strips shall be tested at 70° F. 
(21.1° C.), using a tension testing machine such as the Scott Strength 
Tester (Type F, 100 lb. capacity), the Perkins Strip Tester, or equal, 
in which the clamps are attached to swivels free to move in any 
direction. The test strips shall be gripped 1% in. on each end, leaving 
approximately 3 in. between the clamps. ‘The tension shall be 
increased at a uniform speed of 3 lb. per second, using a metronome: 
If any strip breaks nearer than % in. to either clamp, the reading shall 
be disregarded, and an additional strip shall be tested in its place. 
The ten readings, with and across the grain, respectively, shall be 
averaged for each roll sampled. From these results the average 
strength with and across the fiber grain, respectively, of the fabric as 
supplied, shall be calculated. 

(b) Woven Fabrics —Woven fabrics shall be tested at 70° F. 
(21.1° C.) in accordance with the ‘‘grab test No. 2” as described in 
Section 12 (0) of the Standard Methods of Testing Cotton Fabrics 
(Serial Designation: D 39) of the American Society for Testing 
Materials.} 


Note.—As a referee method, or in case any dispute arises regarding the strength, 
the test shall be repeated, with the exception that the fabric before testing shall be 
exposed at least two hours in an atmosphere of 65 per cent relative humidity at 
TOME (2150). 


13. With the trimmer described in Section 12 (a), five 6-in. strips 
shall be cut with the fiber grain, as shown at D-1 to D-5 (Fig. 1) and 
immersed in water at 77° F. (25° C.) for from 10 to 15 minutes. 
These strips shall be bent through 180 deg. at a uniform speed, in 
exactly 2 seconds, around a mandril, the diameter of which shall be 
as follows: The first, around a mandril 25 mm. in diameter; the 
second, around a mandril 20 mm. in diameter; the third, around a 
mandril 15 mm. in diameter; the fourth, around a mandril 10 mm. 
in diameter, and the fifth, around a mandril 5 mm. in diameter. The 
test may also be made at 32° F. (0° C.). The pliability shall be 
expressed numerically from 1 to 10 as follows: ; 
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(1) Cracks entirely through the sheet on the 25-mm. mandril. 

(2) Cracks part way through the sheet on the 25-mm. mandril. 

(3) Cracks on the 25-mm. mandril. 

(4) Cracks on the 20-mm. mandril. 

(5) Cracks on the 15-mm. mandril. 

(6) Cracks on the 10-mm. mandril. 

(7) Cracks on the 5-mm. mandril. 

(8) Cracks when bent through 180 deg. flat on itself. 

(9) May be bent through 180 deg. flat on itself in one direction 
without cracking, but will crack’ when bent through 
360 deg. in the opposite direction. 

(10) May be bent through 180 deg. flat on itself in one 
direction and then through 360 deg. flat on itself in the 
opposite direction without cracking. 


The readings for each roll shall be averaged separately, and from 
these results the minimum, maximum and average pliability of the felt 
shall be calculated. 

14. (a) A section 18 in. square (as shown at E, Fig. 1) shall be 
cut from each specimen, weighed, and completely immersed in dis- 
tilled water at 77° F. (25° C.) for 24 hours. The specimen shall then 
be removed and dried superficially by pressing lightly between two. 
towels. As the moisture enters through the edges of the sheet more 
rapidly than through the surfaces, each specimen shall be trimmed 
to exactly 12 in. square, representing four-ninths of the original area, 
and reweighed rapidly. The increase in weight shall be calculated on 
the basis of the original test specimen by multiplying by 2%. The 
percentage increase in weight represents the water absorption. The 
minimum, maximum and average for the shipment shall be calculated. 

(b) Five strips shall be cut with the fiber grain as shown at F 1 
to F & (Fig. 1); five other strips shall be cut across the fiber grain as 
shown at G 1 to G 6 (Fig. 1) and the strength shall be redetermined as 
in Section 12. The decrease in strength in percentage shall be 
calculated after the specimen has been subjected to water. 

15. (a) From each specimen, 12 by 6-in. strips shall be cut at K-1 
and K-2 in Fig. 1, care bring taken not to disturb any of the detached 
surfacing. Each strip shall be weighed and suspended in the center 
of an air oven maintained at 221° F. (105° C.) + 5° F. (3° C.) with 
a thin wire fastened through holes punctured near one edge. ‘The 
thermometer shall be inserted in the oven to such a depth that its 
bulb will be in line with the center of the specimens. ‘The strips shall 
be kept in the oven for exactly 5 hours, then cooled and removed 
carefully, and each specimen weighed. The average loss shall be 
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calculated as a percentage and the average percentage of moisture 
(ascertained in Section 11) deducted. The final figure shall represent 
the average loss on heating, exclusive of moisture. 

(b) Coal-Tar Saturated Felt Only —From the rolls making up the 
sample, strips 6 in. wide shall be cut across the sheet. Sufficient of 
these shall be taken to make up a sample of 250 g. 5.0 g. These 
strips then shall be rolled up and placed in the wire basket of the 
extraction apparatus described in the Tentative Methods of Testing 
Bituminous Mastics, Grouts and Like Mixtures (Serial Designation: 
D 147-25 T) of the American Society for Testing Materials! or 
other extraction apparatus of suitable construction. The sample 
shall then be covered with a disk of soft filter paper to insure an 
even distribution of the solvent. ‘The extraction shall be carried out 
as described in Methods D 147 - 25 T. 

(c) The CS, extract containing the bitumen shall be transferred 
to a 500-cc., short-neck, round-bottom flask. The flask shall be 
equipped with a Hempel column, 16 cm. in length, 15 mm. in inside 
diameter and filled to a depth of 5 cm. with glass beads. The Hempel 
column shall be connected with a water cooled condenser. A 0— 80° 
C. thermometer as described in the Tentative Method of Float Test 
for Bituminous Materials (Serial Designation: D 139-25 T) of the 
American Society for Testing Materials? shall be placed in the Hempel 
column so that the top of the bulb shall be opposite the bottom of the 
tubulature. Distillation for the removal of CS, shall be continued by 
means of a steam bath until drops cease to fall from the condenser. 
The distillation then shall be carried out over a small flame, heating 
carefully and observing the thermometer until the distillation ceases 
and the temperature of the vapor as indicated by the thermometer 
shows no further rise on slightly increasing the flame. 

(d) When the contents of the flask is sufficiently cool to be poured 
‘without appreciable vaporizing, 100 g. +0.1 g. shall be distilled in 
accordance with the method described in Sections 10, 11 and 12 of the 
Standard Methods of Sampling and Analysis of Creosote Oil (Serial 
Designation: D 38) of the American Society for Testing Materials.° 

Fractions shall be taken at 210° C. and 235° C. and the distilla- 
tion stopped at that point. The per cent of distillate by weight at 
each temperature shall be calculated on the basis of the weight of 
sample taken for distillation. ° 


III. DESATURATING THE FABRIC. 
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16. From each roll sampled, a 2-in. strip (within zy in.) shall be Desaturated 
cut across the specimen as shown at H (Fig. 1). Each strip shall be ¥#>"* 


extracted with c. p. benzol in an extractor described in Section 4 of 


1See p. 622. *See p. 503. 3 1924 Book of A.S.T.M. Standards, 
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the Tentative Methods of Testing Bituminous Mastics, Grouts and 
Like Mixtures (Serial Designation: D 147-24 T) of the American 
Society for Testing Materials,! the extraction being continued for sev- 
eral hours after the drippings have become colorless. The desaturated 
fabric shall be removed and heated in a ventilated oven at 225° F. 
(107.1° C.), cooled in a desiccator, any adhering comminuted surfacing 
being brushed off and retained, and weighed as rapidly as possible. 
The heating shall be repeated until the weight of the fabric remains 
constant as determined by two consecutive weighings taken not less 
than ten minutes apart which shall show a further loss of not more 
than 0.1 per cent. This will give the weight of the fabric in the 
moisture-free state. Where a coal-tar pitch saturant has been used, 
the moisture-free weight of the desaturated fabric shall be corrected 
for the carbonaceous matter retained mechanically in its interstices, 
by means of the method described in Section 17. 

17. The following colorimetric method shall be used to ascertain 
the carbonaceous matter derived from a coal-tar pitch saturant and 
retained by the desaturated fabric: | 

(a) About 15 g. of an unsaturated fabric of the same general 
character as the one under examination, shall be macerated by boiling 
in water, disintegrating with a rotary egg-beater and picking the fibers 
apart with needles. ‘The fibers shall be filtered through fine cloth and 
dried at a temperature of 225° F. (107.1° C.) to constant weight. One 
gram of the fibers shall be accurately weighed into a flask and diluted 
to exactly 100 cc. with distilled water at room temperature. About 
50 g. of glass beads shall be added and the contents of the flask shaken 
vigorously until the fibers are reduced to a homogeneous pulp in 
uniform suspension. | 

(b) A distilled coal-tar, having approximately 10 to 25 per cent 
of insoluble carbonaceous matter, shall be procured and the car- 
bonaceous matter extracted with benzol until it is free from soluble: 
matter; then dried at a temperature of 225° F. (107.1° C.) to constant 
weight.. One gram of the purified carbonaceous matter shall be 
accurately weighed and diluted to exactly 100 cc. at room temperature 
with a starch solution of a consistency sufficient to carry the car- 
bonaceous matter into temporary suspension. (A _ 12.5-per-cent 
solution is recommended.) 

(c) The liquid carrying the fibers, obtained as described in Para-. 
graph (a), shall be titrated with the suspension of carbonaceous matter, 
obtained as described in Paragraph (0), and from time to time a field 
prepared from a drop of the well agitated mixture shall be examined 


1See p. 622. 
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under a microscope at 100 diameters magnification until the color 
exactly matches a field prepared from the desaturated fabric under 
examination (obtained as described in Section 16), when both are 
viewed side by side under parallel conditions. The end-point is 
fairly sharply defined. The burette reading gives directly the per- 
centage of carbonaceous matter adhering to the moisture-free fabric 
under examination. 

(d) The weight of moisture-free fabric ascertained in Section 16 
shall be corrected by deducting the weight of adhering carbonaceous 
matter. 

18. The total comminuted surfacing plus any filler present in 
the bituminous saturant represents the sum of the detached com- 
minuted surfacing (Section 9), the amount brushed off from the 
surface of the desaturated fabric (Section 16), plus the amount 
recovered upon evaporating and igniting the bituminous extract 
obtained in accordance with Section 16. 

19. The weight of bituminous saturant represents the difference 
between the weight of the original fabric (Section 7), and the sum of 
the weights of the moisture-free desaturated fabric (Sections 16 and 
17), plus moisture (Section 11), plus the total comminuted surfacing 
and filler present (Section 18). 


IV. EXAMINATION OF THE EXTRACTED FABRIC. 


(A) Woven Fabrics. 


20. Woven fabrics shall be tested for weight and number of 
threads per in. in accordance with Sections 6 to 11, inclusive, of the 
Standard Methods of Testing Cotton Fabrics (Serial Designation: 
D 39) of the American Society for Testing Materials.! 


(B) Felted Fabrics. 


21. The weight in pounds per 480 sq. ft. of the desaturated felt 
(corrected for any carbonaceous matter present) for each specimen 
examined, shall be calculated separately from the formulas: 


Weight of specimen in grams 


“ Number” = 983 


ne Area of specimen in square centimeters 


iNT a ber Veneer pete re meee SD 


This represents the ‘‘number”’ of the moisture-free felt on the felt 
makers’ scale. The minimum, maximum and average ‘‘number”’ of 
the felt in its moisture-free state shall be calculated. This may be 
corrected to the condition in which it actually existed in the material 
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under examination, by adding thereto the percentage of moisture as 
determined in Section 11. 

22. A representative sample shall be secured by cutting from each 
strip of desaturated felt a piece about 3 in. in diameter as shown at 
I-1, I-2, and I-3 (Fig. 1). About 25 g. selected at random from all 
the specimens sampled in this manner shall be accurately weighed, and 
incinerated in a weighed porcelain or quartz crucible either over an 
open flame or in a muffle, until all the carbon is consumed. A few 
drops of ammonium carbonate solution shall be added, the sample 
ignited gently, and weighed. The percentage of ash shall be calculated 
on the basis of the moisture-free felt. 


Notsr.—As a referee method, or in case greater accuracy is desired, the three 
portions taken from each specimen roll shall be weighed and ignited separately. 
The minimum, maximum and average of ash present shall be calculated on the basis 
of the moisture-free felt. 


23. (a) A representative sample shall be secured by cutting from 
each strip of desaturated felt a piece about 3 in. in diameter as shown at 
J-1, J-2, and J-8 (Fig. 1). The pieces shall be placed in a smail 
beaker, boiled with water and macerated until the fibers are well 
separated and reduced toa pulp. They shall then be transferred to a 
stout flask. About 50 g. of glass beads shall be added and the contents 
of the flask shaken vigorously until the fibers are reduced to a homo- 
geneous mass in a uniform suspension. A small portion of the well- 
mixed pulp shall be removed with a dropper or pipette and three or 
four drops shall be rapidly transferred to a microscope slide. Ten 
such slides shall be prepared, refilling the dropper each time. 

(b) The drops shall be spread thinly over the microscope slides 
with a needle so that the fibers will be uniformly distributed and not 
bunched together. ‘The slides shall then be placed in an air-bath to 
expel the water, cooled and stained with a drop or two of zinc-chlor- 
iodide solution. 


NoteE—The zinc-chlor-iodide solution may be prepared by dissolving 4 g. of 
potassium iodide and 0.1 g. of iodine in 12 cc. of water, and then adding 20 g. of zine 
chloride and allowing the liquid to stand until all undissolved matter has settled out. 
This solution must be kept in a dark place and prepared freshly from time to time, 
as it loses its strength. To test out the stain, a mixture of equal parts of rag filter 
paper, bleached soda pulp and bleacher sulfite pulp, shall be prepared, and tested as 
directed. If the stain is of the correct strength, the rag fibers will show a wine-red 
color, the soda pulp a’‘dark purple color, due to the thicker and more opaque fiber 
walls, and the sulfite pulp a light purple color due to the thinner fiber walls. If the 
purple color is more of a violet, then too much iodine is present and more water or 
zinc chloride should be added. Zinc chloride intensifies the purple color, iodine the 
wine-red and yellow colors, and water serves to weaken the color that predominates. 
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(c) The stained pulp shall be covered with round or square pieces 
of thin glass approximately 3 in. in diameter, and the excess of staining 
solution shall be removed from the edges with a piece of filter paper. 

(d) The slides shall be examined under a microscope having a 
magnification of about 100 diameters. 

- (e) The various fibers are colored as follows: 
Rag Fibers.— 
Cotton and linen fibers—stained wine-red. 
, Wool fibers—unstained by the solution. 
Jute and manila fibers—stained yellowish-brown. 


Paper, Wood, Straw, etc., Fibers.— 
Mechanical wood pulp, sawdust, straw, bark, etc.—. 
stained lemon yellow. 
Chemical wood pulp, (sulfite or soda), stained grayish 
purple to purple. 

({) The eye may be trained to the colors and shapes of the various 
fibers by examining specimens of known composition under similar 
conditions. In this way the fibers may readily be identified in 
unknown mixtures by: 

(1) The colors to which they are stained. 
(2) Their characteristic sizes and shapes. 


(g) The fibers shall be counted in each field, disregarding any short 
ends projecting into the field or small fragments interspersed through- 
out it. Small particles of sizing, clay, or mineral matter should 
likewise be disregarded. 

(h) Five fields shall be selected at random on each slide and the 
fibers counted in each. A total of 50 fields will be thus examined. 
The aggregate number of each variety of fiber counted in all the fields 
shall be calculated in percentage. 

(z) The fibers present shall be reported in percentage based on 
their count, and should be generally accurate to within 5 per cent, 
depending upon the skill of the operator. 


Norte 1.—As the dimensions and specific gravity of the fibers have not been 
taken into consideration, the method is obviously inaccurate to this extent. Spence 
and Krauss! have worked out a set of factors for expressing the results into terms 
of weight, taking into consideration the dimensions and specific gravity of the 
fibers. This method is recommended, although it is somewhat slow and laborious. 

Nore 2.—As a referee method, or in case greater accuracy is desired, a separate 
microscope test shall be run on the three portions taken from each specimen roll. 
The minimum, maximum and average percentage of the various fibers present shall 
then be calculated. 


1 Paper, Vol. XX, No. 11, p. 11, May 23, 1917. 
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TENTATIVE METHODS OF TESTING BITUMINOUS 
MASTICS, GROUTS AND LIKE MIXTURES! 


Serial Designation: D147-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. ¥ 


ISSUED, 1922; REVISED, 1923, 1924, 1925. 
I. DEFINITIONS. 


1. These methods apply to bituminous mastics, grouts and like 
mixtures, which may be classified and defined as follows: 


Bituminous Grout.—A mixture of bituminous material as a binder 
and sandy mineral matter as an aggregate, which when heated to 
a suitable temperature becomes sufficiently fluid to flow into place 
without mechanical manipulation, and which on cooling congeals 
to a compact mass. ibe 


Asphalt Mastic—(1) A mixture containing asphaltic material as 
a binder and graded mineral matter as an aggregate, or (2) pulverized 
native rock asphalt (to which asphaltic material may have been 
added); either of which when heated to a suitable temperature may 
be poured into place but which requires a trowel to form it into a 
compact mass. 


Asphalt Mastic Cake-—A mixture containing asphaltic material 
as a binder and an aggregate consisting chiefly of calcareous or siliceous 
dust cast into the form of blocks or “‘cakes” and adapted for use in 
preparing asphalt mastic. 


II. PREPARATION OF SAMPLES. 


2. (a) Bituminous grouts shall be heated in an oven or on a hot 
plate in a pan or other suitable container at the lowest possible tem- 
perature to prevent overheating and volatilization, and when suffi-. 
ciently fluid, shall. be thoroughly stirred to insure a uniform sample, 
whereupon 10 to 30 g. shall be taken for analysis. 

(b) Asphalt mastics or mastic cake shall be warmed on a hot 
plate or in a hot oven until soft enought to be broken up or stirred so 
that a representative sample for analysis may be taken. The amount 

1 Criticisms of these Tentative Methods are solicited and should be directed, preferably before 


January 1, 1926, to Mr. Prévost Hubbard, Secretary of Committee D-8 on Bituminous Waterproofing 
and Roofing Materials, 441 Lexington Ave., New York City. 
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taken for analysis will depend upon the amount of coarse gravel or 
stone in the mixture. The larger the gravel or stone, the larger will 
be the sample required for accuracy. The size of samples to be taken 
shall be as follows: Where all particles pass a 10-mesh sieve, 10 to 
30 g.; where 25 per cent of the aggregate is retained on a 10-mesh sieve, 
50 g.; where 50 per cent of the aggregate is retanied on a 10-mesh sieve, 
100 g.; and where 75 per cent of the aggregate is retained on a 10-mesh 
sieve, 200 g. 

Note.—Where the properties of the extracted bituminous matter are to be 


determined, 500 g. shall be taken and extracted with pure benzol as described in 
Sections 4 and 6 and examined as described in Section 7. 


III. APPARATUS. 
(A) For Analysis of 10 to 80-g. Samples. 

3. In cases where a 10 to 30-g. sample is sufficient, the analysis 
shall be carried out by means of the glass extractor described in Section 
8 of the Standard Methods of Testing Rubber Products (Serial Desig- 
nation: D 15) of the American Society for Testing Materials.! 


(B) For Analysis of 50 to &00-g. Samples. 


4, The apparatus for analysis of samples containing coarser aggre- 
gate shall be the large extractor shown in Fig. 1, consisting of a large 
brass cylinder, through the bottom of which projects a 16-candle- 
power incandescent carbon filament bulb to supply heat to the ex- 
traction apparatus proper, which is held in the upper portion of the 
cylinder. This apparatus 1s composed of a cylindrical brass vessel 
for holding the solvent, a cylindrical wire basket made of 80-mesh wire 
cloth suspended in the cylinder, and an inverted conical condenser 
which serves as a top. 

IV. PROCEDURE. 


(A) Analysis of 10 to 30-g. Sambples.? 


5. An ordinary Whatman or S. and S. Filter Thimble shall be 
dried and weighed. ‘The weighed sample shall be placed in the thimble 
and 40 to 50 cc. of CS2 poured over the sample. The thimble contain- 
ing the sample shall be suspended under the condenser by a fine wire 
bail. The flask shall be cautiously heated by a steam-bath or electric 
heater just enough to vaporize the solvent. Cold water is circulated 
through the condenser. The heat evaporates the carbon disulfide 
in the flask. This condenses upon the condenser and drops back upon 

11924 Book of A.S.T.M. Standards. 
2 This method and the method for analysis of larger samples are especially adapted for asphalt 
mastics, grouts and mastic cake. If the binder is coal-tar pitch, the ‘‘free carbon’’ constituent of 


the binder will remain with the mineral aggregate. The committee has under consideration a possible 
separate method for analysis of coal-tar mastics. 
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the sample through which it filters, thus dissolving out the bitumen 
which collects in the bottom of the flask. 

The extraction should be discontinued when the CS, drops color- 
less from the filter. ‘The time of extraction will depend upon the nature 
of the bitumen and mineral aggregate in the sample and upon the 
degree of heat applied, the coldness of the water in the condenser and 
other factors. In some cases extraction may be complete in one hour, 
in others four or five hours may be necessary. 


SectionC-C. 
22-4 


Section A-A. 


Fic. 1. 


When the solvent comes through clear, the filter shall be removed 
and washed with a fine jet of CS, from a washing bottle to wash out 
any bitumen that may be retained at the top of the paper and to break _ 
up any channels that may have been formed by the CS2 passing 
through. If the washings show any color, the thimble shall be put back 
and extraction continued until the solvent again becomes colorless. It 
shall then be removed, dried carefully, at a low temperature at first to 
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prevent ignition of the absorbed CSs, and finally to constant weight 
at 100° C. (212° F.), cooled and weighed. 

The solution in the flask shall be rinsed into a weighed porcelain 
or silica evaporating dish or crucible.and the solvent burned off under 
a hood. The residue shall be ignited over a flame or in a muffle and 
the ash weighed and the weight added to that of the mineral matter 
in the filter paper. This is to correct for the fine mineral matter 
which will be carried through the paper by the solvent. Should there 
be a considerable amount of ash recovered in this way, and if it is 
found that the mineral matter is calcium or other carbonate, it shall 
be recarbonated by repeated treatment with ammonium carbonate 
solution and finally ignited at a dull red heat. Ordinarily, however, the 
mineral matter going through the paper will be so small in amount that 
the difference caused by ignition may be neglected. 

The corrected loss in weight on the original sample represents the 
percentage of bitumen. 

The mesh analysis of the mineral aggregate shall be made in 
accordance with the Standard Method of Mechanical Analysis of Sand 
or Other Fine Highway Material, except Fine Aggregates Used in 
Cement Concrete (Serial Designation: D 7) of the American Soci- 
ety for Testing Materials.!_ The extracted residue shall now be trans- 
ferred from the thimble to the 200-mesh sieve, the paper being gently 
rubbed to free adhering particles. 

The aggregate on the sieve shall be gently rubbed with the fingers 
to break up lumps and to free any particles of fine dust that might 
adhere to larger sand particles. The sieve shall be shaken over a piece 
of paper from side to side with the right hand, striking it sharply 
against the palm of the left hand until no appreciable amount of dust 
comes through the sieve on to the paper. The paper shall be cleared 
from time to time by raising one side with the left hand and rolling off 
the siftings, so that it can be seen when the sifting is complete. 

The material remaining on the 200-mesh sieve shall be weighed 
and the amount of 200-mesh material which has passed through shall 
be determined by difference. 

This operation shall be repeated upon the coarser sieves in order 
and the amount passing each sieve and retained on the next finer 
recorded as percentage of the original sample. 


(B) Analysis of 50 to 500-g. Samples. 


6. A large filter paper, 12 or*13 in. in diameter, shall be fitted 
inside the wire basket of the extractor by folding once more than in 
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ordinary filtering, or by wrapping it over a form which fits inside 
the basket (a cylindrical bottle of proper size makes a good form) and 
placing it inside the basket. 

The basket with contained filter paper shall be dried and 
weighed. ‘The sample shall be weighed and packed in the filter paper 
in the basket. Care should be taken not to pack all coarse particles 
in one place and the fine particles in another but to have them mixed 
together in uniform proportions. 

The sample shall be covered with a disk of felt or wad of absorbent 
cotton to insure even distribution of the dropping solvent, thus 
preventing it from forming a channel through the sample. The 
basket shall be suspended in the extractor and 150 to 200 cc. of CS, 
poured over the felt or cotton. ‘The condenser shall be placed over the 
top and water circulated through it. Current shall be started through 
the electric lamp underneath the extractor and the extraction carried 
on exactly as in the smaller glass extractor, but on a larger scale. 
The time for extraction will vary from 3 to 12 or more hours, depending 
upon the nature of the sample. 

To determine when extraction is complete, the condenser shall be 
raised and the basket lifted out to observe if drippings are clear. One 
or two drops caught upon white filter paper should leave but a light 
stain. 

The drying and weighing of the basket, burning off of the solution 
for correction, and the sifting of the mineral aggregate shall be carried 
on exactly as in the case of the smaller sample as described in Section 5, 
except that in sifting mineral aggregates containing coarse stone, it is 
well to remove the stone by putting the mineral aggregate first through 
a 10-mesh sieve, as the large stone would injure the 200-mesh sieve. — 

The stone removed by the 10-mesh sieve may be screened through 
-in., 3-in., and coarser screens in order, as described in the Standard 
Method of Mechanical Analysis of Broken Stone or Broken Slag, 
except Aggregates used in Cement Concrete (Serial Designation: 
D 18) of the American Society for Testing Materials! and the fine 
material passing the 10-mesh sieve through 200-mesh and coarser 
sieves in order, all amounts passing any one screen or sleve and 
retained on the next finer one being reported as percentage of the 
original sample. 

Thus the ingredients of the mixture may be roughly separated by 
the use of the proper sized sieves, and examined for physical and 
chemical characteristics. 
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Note.—The siftings passing the 200-mesh sieve will consist largely of the dust 
or pulverized rock used in the mixture. The material between the 100-mesh and 
10-mesh will consist largely of the sand used in the mixture, with any particles of 
fine crushed stone within these limits that existed in the original materials. Gravel 
or broken stone as a rule will be larger than 10 or 8 mesh. 

Carbon tetrachloride, benzol, or chloroform may be used instead 
of carbon disulfide, with the only difference that in the case of non- 
inflammable solvents, the solvent will have to be evaporated from the 
solution of bitumen to determine the ash for correction instead of 
burning off directly. When the solvent is expelled, the bitumen can 
be ignited for ash. 


(C) Recovery and Examination of Extracted Bitumen. 


7. The benzol solution containing the asphalt shall be evaporated 
to a thick viscous liquid on a steam or water bath, then transferred to 
a steam oven at 105° C. (221° F.) until its weight is nearly equal to 
the percentage of asphalt calculated in accordance with Section 5. 
It shall then be transferred to a hot plate and heated carefully with 
stirring at a temperature not exceeding 121° C. (250° F.) until its 
weight is exactly that determined in accordance with Section 6. 


(D) Solubility of Aggregate in Hydrochloric Acid. 


8. Where the mastic is to be used for acid-proof floors, tank 
linings, etc., pulverized silica and other materials insoluble in acid 
are used in preparing the mixture. The most important chemical 
property, therefore, is solubility or insolubility in mineral acids. This 
determination may be carried out in the following manner: | 

About 2.5 g. of the dust, or of the coarser material, or stone which 
has been previously pulverized in a mortar shall be dried to constant 
weight at 325° F. The loss will represent any moisture that may have 
been retained in the material as well as any absorbed solvent that may 
not have been expelled while drying the sample after extraction. 

A 1-g. sample of the dried material shall be placed in a 250-cc. 
beaker, covered with a watch glass and 10 cc. of concentrated c. p. 
hydrochloric acid added, diluted with 50 cc. of distilled water. Any 
lumps shall be broken up by means of a glass stirring rod. Any 
effervescence which may occur shall be noted. If considerable effer- 
vescing takes place, the sample may be said to be carbonate. [If all 
the sample, or practically all, dissolves, the determination need not be 
carried farther. If apparently insoluble, it shall be heated carefully, 
brought to boiling for 15 minutes and filtered through a tared Gooch 
filter, washing the insoluble residue with hot water. It shall be ignited 
and weighed and the loss reported as the percentage soluble in hydro- 
chloric acid. Ne 


Scope. 


Sampling. 


TENTATIVE METHODS OF TESTING SMOOTH-SURFACED 
ASPHALT ROLL-ROOFING, SLATE-SURFACED 
ASPHALT ROLL-ROOFING AND SLATE- 
SURFACED ASPHALT SHINGLES! 


Serial Designation: D 228-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to annual revision. 


IssuED, 1925 


1. These methods cover the examination of roofings and shingles 
composed of roofing-felt, saturated and coated on both sides with 
asphalt, and surfaced on the top with either powdered or granulated 
mineral matter, and on the under side with powdered mineral matter. 


I. SAMPLING 


2. From each shipment or portion thereof representing a product 
of the same kind, class and weight, a number of rolls or bundles shall 
be selected at random, equivalent to one-half the cube root of the total 
number of rolls or bundles included in the lot, except that in lots of 
1000 or less, five rolls or bundles shall be taken. If the cube root, as 
calculated, proves to be a fractional number, it shall be expressed as 
the nearest higher whole number. For convenience, the following 
table is given, showing the number of samples to be selected from 
shipments of various sizes. 


NUMBER NUMBER 
PACKAGES IN OF PACKAGES PACKAGES IN OF PACKAGES 
SHIPMENT SELECTED SHIPMENT SELECTED 
Up 10,9 FOOD 3 Fe coas siDheud 5 5.335, tof 8 O00 coca 10 
LOOTING O87 28 eee ee 6 8 001 to 10 648........ 11 
T7229 TOL / 44 Oe ee 7 10'°649 to 13 82470." Soe 12 
2745'to 409632 re. PEt g T3325 "torl 775701 eee 13 
40971 to S320 Ane. 9 1757740 22-9528 4. tee 14 


II. DETERMINATION OF SIZE AND WEIGHT 
(A) Smooth-roll and Slate-roll Roofing 


3. Each roll selected shall be stripped. ‘The wrappers, packing 
material, nails and cement taken from éach roll shall be weighed 
1 Criticisms of these Tentative Methods are solicited and should be directed to Mr. Prévost ' 


Hubbard, Secretary of Committee D-8 on Bituminous Waterproofing and Roofing Materials, 441 
Lexington Ave., New York City. 
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together to the nearest { lb. and the maximum weight thereof per roll 
shall be recorded. The quantity and character of nails and cement 
shall be recorded. 

4. Each roll shall be unwound, discarding any detached surfacing 
that may fall off in so doing, and the workmanship and finish of the 
roofing observed. 

5. The length and width of each roll shall be measured to the 
nearest 7 in., and the square feet of material contained in each roll 
calculated. 

6. The rolls shall be rewound, fastened with pieces of light string 
and then each roll shall be weighed to the nearest } lb. The weight 
of roofing per 108 sq. ft. contained in each roll shall be calculated 
and the minimum weight per 108 sq. ft. recorded. This shall be 
regarded as the minimum weight per 108 sq. ft. of the entire shipment. 

7. The average weight per 108 sq. ft. for the rolls examined shall — 
be calculated. This shall be regarded as the average weight per 108 
sq. ft. of the entire shipment. 

8. From the rolls examined, the one whose weight is nearest the 
average weight of the lot shall be selected. The first convolution or 
two shall be unrolled, and with a knife and straight edge, the sheet 
shall be cut across at right angles to the edges. A section measuring 
exactly 30 in. in the direction of the roll’s length shall then be removed. 
The width of this section shall be measured to the nearest 35 in. and 
weighed with an accuracy of $0z. The weight in pounds per 108 sq. ft. 
shall then be calculated from the following formula: 

pander 108 Latte Weight of 30-in. section in ounces rene: 
Width of 30-in. section in inches 
This must check within 1 per cent of the average weight per 108 sq. ft. 
of the shipment (Section 7). If this sample fails to do this, then addi- 
tional samples shall be cut from the same roll, until one is obtained 
which does, which sample shall be kept for further examination. 


Note.—As a referee method, or in case any dispute arises regarding the proper- 
ties as may be ascertained from the particular sample selected, a 30-in. sample shall 
be taken and examined separately from each roll sampled in Section 2. 


(B) Slate-surfaced Shingles 


9. Each bundle selected shall be stripped. The packing material 
shall be weighed to the nearest 3 lb., recording the weight separately 
for each bundle. The maximum weight of packing material per 
“‘square” shall be recorded. 

10, The shingles in each bundle, a, shall be counted, discarding 
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any detached surfacing that may fall off in so doing. The workman- 
manship and finish of the shingles shall be observed. 

11. The shingles contained in each bundle shall be weighed to 
the nearest j lb. (0). The dimensions of the shingles shall be accurately 
measured and the net area of material in each shingle calculated in 
square feet (c). 

12. The area in square feet of material contained in each bundle 
(aXc) shall be calculated. The weight of roofing material per 108 


xX 108 ) shall be calculated, 


sq. ft. contained in each bundle 
axc 


and the minimum weight per 108 sq. ft. recorded. This shall be 
regarded as the minimum weight per 108 sq. ft. of the entire shipment. 

13. The average weight (d) per 108 sq. ft. for the bundles examined 
shall be calculated. This shall be regarded as the average weight per 
108 sq. ft. of the entire shipment. Also, the average weight per shingle 


(: x =) shall be calculated. 
108 


14. From the bundles selected, a definite number of representative 
shingles, whose weight shall fall within 1 per cent of the average 
weight ascertained in Section 13 shall be taken for further considera- 
tion. ‘The number of shingles so selected shall represent as closely 
as possible 6 sq. ft. of material, and shall be selected as far as possible 
from different bundles. 

Note.—As a referee method, or in case any dispute arises regarding the proper- 
ties as may be ascertained from the particular sample selected, then a similar sample 
shall be taken and examined separately from each bundle of shingles sampled in 
Section 2. 

III. DETERMINATION OF PLIABILITY OF SMOOTH-ROLL 

ROOFING AND SLATE-ROLL ROOFING 

15. With a photographic trimmer five strips shall be cut from the 
sample of roofing, each 1 in. in width and 6 in. in length, in the direc- 
tion of the fiber grain, and immersed in water at 77° F. (25° C.) for 
10 to 15 minutes. ‘These strips shall be removed from the water and 
immediately bent through 180 deg. at uniform speed, in exactly 2 
seconds, over a mandril of the following size: 

Smooth-roll Roofing—At least 3 of the 5 strips shall not crack 
over a mandril 10 mm. in diameter. 
Slate-roll Roofing—At least 3 of the 5 strips shall not crack 
- on a mandril 25 mm. in diameter. 


IV. DETERMINATION OF BEHAVIOR ON HEATING 


16. Two strips shall be cut from the sample of roofing or shingles, 
each approximately 8 by 8in. They shall be weighed and suspended 
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vertically in the center of an air-oven maintained at 176° F. (80° C.) 
+5°F. (3° C.) with a thin wire fastened through holes punctured 
near one edge. The thermometer shall be inserted in the oven to such 
a depth that its bulb will be in line with the center of the specimens. 
The strips shall be maintained at the prescribed temperature for 
exactly two hours, then cooled, removed carefully and each specimen 
weighed. The average loss shall be calculated as a percentage. Any 
change in appearance of the specimen shall be recorded, such as 
flowing, sagging, blistering or absorption of the surface coatings; 
also sliding of granular surfacing. 


V. DETERMINATION OF SATURANT IN MOISTURE-FREE FELT 


17. ‘Two strips shall be cut from the sample of roofing or shingles, 
each approximately 2 in. in width and 8 in. in length. They shall be 
warmed in an oven at a temperature of approximately 176° F. (80° C.). 
Then with a knife, the front and back coatings shall be peeled off, 
care being taken to remove as little as possible of the saturated felt, 
and to assure that all of the coatings and surfacing are stripped from 
the felt. The saturated felt so obtained shall be weighed. It shall be 
extracted with benzol, chloroform, carbon tetrachloride or carbon 
disulfide, in a suitable extractor and the extraction continued until the 
drippings have become colorless. The desaturated felt shall be 
removed from the extractor, placed in a tared vessel, heated in a ven- 
tilated oven at 225° F. (107° C.) for 30 minutes, cooled in a desiccator, 
and the felt finally weighed as rapidly as possible. The heating shall 
be repeated until the weight of the felt remains constant as determined 
by two consecutive weighings taken not less than 10 minutes apart, 
which shall show a further loss of not more than 0.1 per cent. From 
the weight so obtained and the original weight, the percentage of 
saturation carried by the moisture-free felt shall be computed. 


VI. DETERMINATION OF WEIGHT OF MOISTURE-FREE FELT 


18. Two strips shall be cut from the sample of roofing or shingles, 
each approximately 2 in. in width and 8 in. in length. Each of these 
shall be accurately weighed in grams and the length and width meas- 
ured to within 1 mm. or 3; in. It shall be extracted with benzol, 
chloroform, carbon tetrachloride or carbon disulfide, in a suitable 
extractor and the extraction continued until the drippings have become 
colorless. The desaturated felt shall be removed from the extractor, 
being careful not to lose any adhering mineral matter, placed in a tared 
vessel, heated in a ventilated oven at 225° F. (107° C.) for 30 minutes, 
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cooled in a desiccator, any adhering surfacing material brushed off and 
retained and the felt finally weighed as rapidly as possible. The heat- 
ing shall be repeated until the weight of the felt remains constant as 
determined by two consecutive weighings taken not less than 10 min- 
utes apart, which shall show a further loss of not more than 0.1 per 
cent. The benzol extract and accompanying mineral matter shall be ~ 
retained for further examination. From the weights so obtained 
and the respective areas of the strips of desaturated felt, the weight 
of moisture-free felt shall be computed in pounds per 108 sq. ft., from 
the following formulas and the results averaged: 


Weight of moisture-free felt in grams 
Pounds’ pers103 !sqait = ee 
Area of specimen in square centimeters 
or 


Weight of moisture-free felt in grams 


Pounds per 108 sq. ft.= X 34.3 


Area of specimen in square inches 


VII. DETERMINATION OF ASH IN MOISTURE-FREE FELT 


19. The strips of desaturated felt obtained as described in Section 
18 shall be cut into squares about 2 cm. on each side and thoroughly 
mixed. Pieces amounting to about 10 g. shall be selected at random 
and dried at 225° F. (107° C.) for 30 minutes. They shall be cooled 
in a desiccator, accurately weighed and then incinerated in a weighed 
crucible either over an open flame or in a muffle until all the carbon 
is consumed. A few drops of ammonium carbonate solution shall 
then be added, the sample ignited gently and weighed. ‘The per- 
centage of ash shall be calculated on the basis of the moisture-free felt. 


VIII. DETERMINATION OF MINERAL SURFACING AND MINERAL 
MATTER IN COATINGS 


20. The slate and other mineral matter recovered from the extrac- 
tion process described in Section 18 shall be combined with the mineral 
matter removed from the surface of the desaturated felt and that 
resulting from the evaporation and ignition of the benzol extract. 
The mineral matter shall be dried in air free from the odor of benzol, 
then heated in an oven for 30 minutes at 225° F. (107° C.), and finally 
cooled in a desiccator and weighed. From the combined weight of 
the specimens taken in Section 18, the total “‘mineral surfacing and 
mineral matter in the coatings”’ shall be calculated in pounds per 
108 sq. ft. 


TENTATIVE METHODS OF TESTING 
INSULATING VARNISHES! 


Serial Designation: D 115-25 T 
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1. These tests are intended for varnishes which are applied by 
brushing, dipping or spraying, and are primarily for the purpose of 
providing electrical insulation. 


Te rePHCIFIC. GRAVITY. 


2. The specific gravity shall be measured with a pyknometer, 
Westphal balance or with a hydrometer so graduated that the specific 
gravity can be determined to 0.001. The temperature of the varnish 
shall be not less than 18° C. (64.4° F.) nor more than 22° C. (71.6° F.) 
and corrected to 20° C. (68° F.) by applying a correction of 0.0007 
per 1° C. (0.0004 per 1° F.). 


If VISCOSITY. 


3. (a) The viscosity shall be determined with a Stormer or a Mac- 
Michael viscosimeter. For the Stormer instrument, it shall be stated 
in terms of the viscosity of distilled water determined with the same 
instrument and under the samé conditions. For the MacMichael 
viscosimeter, the viscosity shall be stated in absolute units, the centi- 
poise (cp.). The short-tube type of efflux viscosimeter usually 
employed for lubricating oils is not acceptable. The temperature of 
the varnish shall be 20° C. (68° F.). 

(b) The MacMichael viscosimeter shall be calibrated as follows: 

Obtain fair-sized samples (2 to 5 gal. or more) of several oils of 
suitable viscosities. These should be selected so that they fall in 
the ranges of viscosity in which measurements are likely to be made. 
This is to permit calibration of the instrument with an oil of the same 
order of viscosity as the products that are to be tested. A convenient 
series of samples for the testing of insulating varnish is: 

sat Criticisms of these Tentative Methods are solicited and should be directed, preferably before 


January 1, 1926, to Mr. H. S. Vassar, Secretary of Committee D-9 on Electrical , ae Materials, 
Twenty-first St. and Clinton Ave., Irvington, N. J. 
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Mineral Oil having an absolute viscosity of approximately 20 centipoises 
at 20° C. (approximately 65 seconds, Saybolt Universal Viscosity, at 37.8°C.). 
Mineral Oil having an absolute viscosity of approximately 40 centipoises 
at 20° C. (approximately 100 seconds, Saybolt Universal Viscosity, at 37.8° C.). 
Mineral Oil having an absolute viscosity of approximately 170 centipoises 
at 20° C. (approximately 300 seconds, Saybolt Universal Viscosity, at 37.8° C.). 
Castor Oil having an absolute viscosity of approximately 992 centipoises at 
20° C. (approximately 110 seconds, Saybolt Universal Viscosity, at 98.9° C.). 


Retain the major portion of each of these samples and send 4 to 
8 oz. to the Bureau of Standards, Washington, D. C., for determina- 
tion of absolute viscosity. Specify 20° C. as the temperature at which 
measurements are to be made. The samples, if they are properly 
refined filtered oils, are regarded as stable for at least one year if 
kept uncontaminated in closed opaque containers. 


Note.—Standardized samples of known absolute viscosity may be obtained 
directly from the Bureau. 


(c) When using the MacMichael viscosimeter it is necessary (1) 
to obtain the zero adjustment prior to placing the varnish in the cup, 
(2) to adjust to a sufficiently low speed to prevent eddy currents. 

(d) The report shall include such details as the kind of instrument 
used, the size of the counterweight if a Stormer instrument is used, 
or the size of the wire in case the MacMichael instrument is used, etc. 


Ill. .FLASH,.POINT. 


4. The flash point shall be determined in accordance with the 
Standard Method of Test for Flash Point of Volatile Flammable Liquids 
(Serial Designation: D 56) of the American Society for Testing 


Materials.! 
DV LIVER OF DRYING. 


a @ Specimens for this test shall be pieces of thoroughly 
cleaned, smooth sheet copper or brass about 3 cm. (1.18 in.) wide and 
20 cm. (7.88 in.) long and about 0.127 mm. (0.005 in.) thick. 

(b) The specimen shall be dipped once in the varnish at a room 
temperature of approximately 20° C. (68° F.) and withdrawn slowly 
and uniformly (about 38 cm. (15 in.) per minute). The consistency 
of the varnish shall be first so adjusted by trial that, when dry as 
determined in accordance with Section 7, the thickness of the film 
of varnish on each side of the metal shall be between 0.022 mm. 
(0.0009 in.) and 0.026 mm. (0.001 in.). Care shall be taken before 
dipping the specimens that the varnish has stood in the dipping tank 
for a sufficient length of time to be free from air bubbles. 
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6. (a) Specimens of air-drying varnish shall be dried in dust-free 
air at a room temperature of approximately 20° C. (68° F.). 

(b) In the case of baking varnishes, six specimens shall be dipped 
and allowed to drain at a room temperature of approximately 20° 
C. (68° F.) until the varnish is set as indicated when the impression 
left on the surface by pressing lightly thereon with a finger will not 
become obliterated by further flow of the material. They are then 
to be dried in dust-free air in an oven at 105 to 110° C. (221 to 230° F.). 
At the end of the first 30 minutes, and again at the end of each 10- 
minute period thereafter, one specimen shall be taken from the oven 
and examined. In the case of slow-drying varnishes, this 10-minute 
period may be lengthened at the discretion of the operator. 

7. The varnish shall be considered dry when a specimen will not 
stick to itself when folded and pressed together between the thumb 
and finger at a temperature of approximately 20° C. (68° F.). 


V. DIELECTRIC STRENGTH TEST. 


8. (a) Specimens for the dielectric strength test shall be prepared 
by dipping pieces of thoroughly cleaned, smooth sheet copper or brass 
about 20 cm. (7.88in.) square and about 0.127 mm. (0.005 in.) thick 
into the varnish which shall be at the consistency prescribed in Sec- 
tion 5 (0). 

(b) Each specimen shall be dipped twice, as specified in Section 
5 (0), once in each direction, in order to give a more uniform thickness 
of coating. ‘The specimen shall be dried after each dip in the same 
vertical position in which it was dipped. 

(c) Specimens of air-drying varnish shall be dried in dust-free air 
after each dip at a room temperature of approximately 20° C. (68° F.) 
for a period 600 per cent longer than that determined in accordance 
with Section 7, provided such period does not exceed 24 hours. 

(d) Specimens of baking varnish shall be drained and then baked 
in dust-free air after each dip for a period 300 per cent greater than 
that determined in accordance with Section 7 provided such period 
does not exceed 24 hours. 

(e) The final thickness of the film of varnish on each side of the 
specimen shall be between 0.044 mm. (0.0018 in.) and 0.052 mm. 
(0.002 in.). . 

9. (a) The dielectric strength of the two films of varnish shall 
be determined by applying alternating potential to two circular 
metal disks, 5.08 cm. (2.0 in.) in diameter and with edges rounded to a 
radius of 0.64 cm. (0.25 in.) which are placed in contact with the two 
sides of the specimen directly opposite each other and under a pressure 
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of approximately 0.5 kg. (1.1 lb.). Starting at zero, the voltage shall 
be increased uniformly to breakdown at a rate of 0.5 kilovolt per 
second, except that if breakdown occurs at this rate in less than 40 
seconds, the rate shall be decreased so that breakdown will occur 
in not less than 40 seconds. If the material fails at less than 5 kilo- 
volts, the minimum time shall be reduced from 40 seconds to 20 
seconds. ‘Ten such punctures are to be made at various points 
selected at random on each specimen. In each test the thickness of 
the films of varnish is to be determined as close to the point of 
puncture as practicable. 


Note.—When necessary, in order to get ten punctures, additional specimens 
should be tested. 


‘ (b) The frequency of the test potential shall be not greater than 
100 cycles per second, and each part of the testing apparatus shall 
have a continuous rating of not less than 2 kva. (preferably larger). 
The wave form shall be a sine curve as defined, and the voltage shall 
be measured by methods approved by the American Institute of 
Electrical Engineers. 

(c) The voltage may be controlled by any* approved method 
which does not distort the wave form beyond the limits prescribed 
above, and which does not subdivide the voltage in steps greater than 
500 volts. The apparatus shall comply with the Standards of the 
American Institute of Electrical Engineers. 

10. The volts at puncture, the net thickness of insulation and 
the volts per mil of net thickness shall be reported for each of the ten 
tests together with the average maximum and minimum volts per mil. 


VI. WATER ABSORPTION TEST. 


11. Specimens similar to those described in Section 8 shall be 
immersed in water at a room temperature of approximately 20° C. 
(68° F.) for a period of 24 hours. Upon removal from the water, the 
surface water shall be wiped off and dielectric strength tests made 
immediately as described in Section 9. 

12. The volts at puncture, the net thickness of the insulation 
and the volts per mil of net thickness shall be reported for each of the 
ten tests, together with the average, maximum and minimum volts 
per mil. 


1Standards of the American Institute of Electrical Engineers. 
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VII. HEAT ENDURANCE TEST. 


13. For the heat endurance test, specimens shall be prepared 
as in Section 8. After removing not less than 1.27 cm. (0.5 in.) from 
one edge of the specimens, the number of strips required by Section 
14 (a) shall be cut from the same edge, each 1.9 cm. (0.75 in.) in width. 

14. (a) After setting as show by the test indicated in Section 6 
(b), the strips referred to in Section 13 shall be placed in a uniformly 
heated oven in which the temperature is maintained at 100° C. (212° 
F.) within + 5° C. (9° F.). A strip shall be removed at the end of 
1, 2, 4, 8 and 24 hours respectively and every 24 hours thereafter. 
These, together with the initial strip, shall be tested as follows at a 
room temperature of approximately 20° C. (68° F.). 

(b) Each strip shall be bent through 180 deg. over a rod 0.32 
cm. ($ in.) in diameter. The number of hours of baking at which 
first cracking in the insulation occurs shall be noted and reported. 


Vill... ACID. AND ALKALI PROOF, TEST. 


15. The specimens to be used for the test for acid and alkali 
proofness shall be brass rods 1.5 cm. (0.59 in.) in diameter, 15 cm. 
(5.90 in.) long and carefully rounded at one end to a radius of 0.75 cm. 
(0.295 in.). These specimens shall be dipped three times into the 
varnish, leaving exposed about 3 cm. (1.18 in.) of the rod at the end 
opposite the rounded end. Each coat shall be dried 25 per cent 
longer than the period determined in Section 7. Three specimens 
each shall be prepared for the acid and alkali solutions. 

16. (a) The three specimens shall be suspended in the acid or 
‘alkali whose effect it is desired to determine to within 3 cm. (1.18 in.) 
of the end of the coated portion of the rod and suitable provision made 
for detecting the change in the electrical resistance between the rod 
and the solution. (Note 1.) 

(6) It is recommended that these tests be made in 10-per-cent 
solutions as follows: 

Sulfuric acid of sp. gr. 1.069 at 60° F. (15.5° C.) or nitric acid 
of sp. gr. 1.056 at 60° F. (15.5°) C.) or hydrochloric acid of sp. gr. 
1.050 at 60° F. (15.5° C.) and sodium hydroxide of sp. gr. 1.115 
Ad GUsebcls5° CC.) 

(c) The temperature of the solution shall be kept at approxi- 
mately 20° C. (68° F.). 

NoTE 1. A simple method is to connect a voltmeter between each rod in turn 


and one side of a 110-volt direct current circuit, the other side of the circuit being 
connected to the solution through any piece of suitable metal suspended in the solu- 
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tion. The resistance will be inversely proportional to the deflection of the voltmeter 
pointer, that is, the smaller the deflection, the greater the resistance. Failure of the 
material will, therefore, be indicated by a sudden increase in the deflection of the 
voltmeter pointer. 


17. The resistance between each rod and the solution shall be 
measured once per day and the number of days elapsing before break- 
down occurs shall be taken as the “‘proofness”’ of the varnish. 


TX") OIL (PROOF) TESR. 


18. For the test for the effect of oil, pieces cut from the specimens 
prepared for the dielectric strength test (Section 8) may be used 
after they have been punctured and measured. 

19. The effect of oil on the varnish shall be determined by immers- 
ing the specimens in transformer oil at a temperature of 100° C. 
(212° F.) for 48 hours and noting the effect on the varnish as indicated, 
for example, by wiping with a piece of dry white cloth. 

Note.—Incipient disintegration of the surface of the varnish may sometimes 
be detected by examining the oil for turbidity. Ifa specimen of the oil filtered 


through filter paper can be distinguished from an unfiltered sample when the two 
samples are held in front of a strong light, the oil is turbid. 


xX. DRAINING TEST. 
(ALSO KNOWN AS ‘‘ WoRKING VISCOSITY’ TEST) 


20. A strip of bond paper 0.964 mm. (2.5 mils) in thickness, 
10.2 cm. (4 in.) in width and 50.8 cm. (20 in.) in length, shall be 
immersed in the varnish at a room temperature of approximately 
20° C. (68° F.) up to a line previously drawn across the paper a few 
inches from the top. ‘The paper shall be withdrawn at a slow and. 
uniform rate (about 38 cm. (15 in.) per minute), care being taken 
that the varnish is free from air bubbles. The specimen shall be per- 
mitted to drain thoroughly at room temperature while suspended in a 
vertical position. It shall then be dried or baked (according to the 
type of the varnish) until dry as determined in accordance with 
Section 7. 

21. The thickness of the specimen in mils shall be measured at 
points 5.1 cm. (2 in.), 17.8 cm. (7 in.) and 30.5 cm. (12 in.), respec- 
tively, from the line to which the specimen was immersed. 

22. The thickness of each film in mils at the three points specified 
in Section 21 shall be recorded. The difference between the thickness 
at the upper point (5.1 cm.) and that at the lower point (30.5 cm.) 
shall be taken as a measure of the variation in the film thickness 
caused by draining. 
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XI. EVAPORATION TEST. 


23. One hundred cubic centimeters of the varnish shall be placed Procedure. 
in a flat-bottom crystallizing dish approximately 75 mm. (2.95 in.) 
in diameter and 45 mm. (1.77 in.) in height. It shall be heated to a 
temperature of 100° F. (37.8° C.) = 2° F. (1.1° C.) for a period of 
7 hours, the sample being exposed to still air in the open room. 

24. The decrease in volume of the sample shall be taken as the Evaporation. 
evaporation, this decrease being determined by noting the amount 
of water or kerosene that must be added to fill the dish to the original 
level. 

NoTE.—This test is relative only. That is, it is only suitable for comparing 


one varnish with another when the tests are made simultaneously under exactly 
the same conditions. 


XII. TEST FOR NON-VOLATILE MATTER. 


25. A portion of the sample shall be placed in a stoppered bottle Procedure. 
or weighing pipette and weighed. About 1.5 g. of the sample shall : 
be transferred to a weighed flat-bottom metal dish about 8 cm. (3.15 
in.) in diameter, such as the cover of a friction-top tin can. The 
container shall again be weighed and the exact weight of the portion 
of the sample transferred to the weighed dish calculated by difference. 

The dish with its contents shall be heated for three hours in an oven 
maintained at 105 to 110° C. It shall then be weighed after cooling. 

26. The ratio of the weight of the residue to that of the original Non-Volatile 
sample expressed as a percentage shall be taken as the percentage of Matter. 
non-volatile matter in the varnish. 
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TENTATIVE METHODS OF TESTING 
ELECTRICAL PORCELAIN! 


Serial Designation: D 116-24 T 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. 


IssUED, 1921; REVISED, 1924. 


1. These tests are intended to apply to porcelain which is to be © 
used for electrical insulating purposes. 


I. TENSILE STRENGTH. 


2. Any standard testing machine may be employed, but it shall 
be of suitable capacity. 

3. Test specimens may be prepared by pugging or extruding 
rolls of suitable size, throwing rolls by hand or by cutting rolls from 
pugged blocks. For comparative tests one method of preparing 
specimens should be adhered to, as test specimens prepared by different 
processes show different results. They shall be turned in the green 
condition to such dimensions as will give fired pieces of standard size, 
shrinkage being determined and allowed for as in regular ceramic 
practice. Variation from the standard dimension shall be kept 
within + 5 per cent, as it has been found that the strength per square 
inch calculated. from results obtained with test specimens of about — 
0.2 sq. in. increases about 0.5 per cent for a decrease in area of 1 
per cent. 

Test specimens shall be fired in saggars on end, either on placing 
sand or clay bats. They shall not be buried in sand as this will cause 
the pieces to break in firing. Firing shall be carried out in the regular 
porcelain kilns. Specimens which have warped in firing shall be 
rejected because they will give unreliable results and therefore a 
sufficient number of specimens should be prepared to give the required 
number of satisfactory ones. 

4. (a) Ohio Brass Co. Method.—The test specimens shall have 
the shape and dimensions shown in Fig. 1. 


1 Criticisms of these Tentative Methods are solicited and should be directed, preferably before 
January 1, 1926,to Mr. H.S. Vassar, Secretary of Committee D-9 on Electrical Insulating Materials, 
Twenty-first St. and Clinton Ave., Irvington, N. J. 
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(b) Jeffry-Dewitt Insulator Co. Method.—The test specimens shall 
have the shape and dimensions shown in either Fig. 2 or Fig. 3. The 
maximum cross-section area in the reduced section of the specimen 
shall be not greater than 0.2 sq. in. 

When dry, the shoulder of the specimens hall be glazed, leaving 
the reduced section free from glaze. 

‘Notr.—The glaze is necessary to obtain uniform results and insure that failure 


occurs in testing in the reduced section. The glaze is omitted from the reduced 
section in order to avoid variation in strength which may be attributable to the glaze. 


5. (a) O.B. Method.—The method of mounting the test specimen 
in the specimen holders is shown in Fig. 4. The method of using 
the assembly jig shown in the figure is as follows: The test speci- 
men is calipered at the small section. ‘The tapered jig, G, with the 
arbor, H,-is then placed in the guides, V. ‘The point on the tapered 
piece, G, which has the same diameter as the minimum section on the 


Fia. .1 


specimen is placed directly over the V-notched block, NV. This piece 
is then raised until it comes in contact with the piece, G, and the 
wing nut, S, tightened. and G are then removed and the cap 
pieces, C, screwed on to the rods, R, which are laid in the notches 
V-V. The center of the specimen is placed in the V-notched block, 
N, and the clamping piece, L, tightened down to hold it in place. 

One of the caps, C, with the attached rod, R, can then be moved 
over the end of the specimen and held in place by tightening the 
strap, H; the whole assembly apparatus is then stood on one end 
and the cap moved so as to allow filling with cement. The cap is 
then moved up in place, rotating it at the same time so as to properly 
work in the cement. ‘The strap, H, is then tightened and the piece 
left undisturbed until the cement hardens. 

When the cap has been attached at one end, the assembly appa- 
ratus can be stood on the other end and the other cap cemented 
in place. 
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Note.—This arrangement permits of setting up the jug properly and easily for 
specimens which vary slightly in diameter and insures keeping the center line of the 
specimen in the center line of the caps. A slight tip of the specimen will be unim- 
portant so long as both caps can be assembled to the specimen. 


After the cement has hardened (which will not require more 
than five or ten minutes if litharge cement is used), the specimen 
can be removed and eyes screwed into caps in place of the rods, R. 

.(b) J-D Method.—The method of mounting the test specimen 
in this method of testing is as follows: 

Test Specimen, Fig. 2 (Conical Ends).—The specimen shall be 
held by small steel clamps, Fig. 5, each consisting of a split bushing, 
B, ground to fit the test specimen, 7’, and held by a collar, C, the load 
being applied by the plate, P:, held in slots of the jaws of the testing 
machine through the ball and socket joint, J. ‘The soft gasket, G, 


of blotting paper shall be inserted between the porcelain and the 
bushing to distribute the load. A new gasket shall be used with each 
specimen. 

Test Specimen, Fig. 3 (Dumb-bell Ends).—The specimen is held 
by a split ring, R, Fig. 6, with the same radius of curvature as the 
shoulders of the specimen. ‘This ring fits into a recess in plate P» 
which, in turn, fits into the slots in the jaws of the testing machine. 


Note.—No gasket is required with this piece when the shoulders are glazed. 
Satisfactory results have not been obtained with unglazed pieces, even when using 
a gasket. This form of specimen has the advantage of requiring no gasket and 
so is more rapid in manipulation and of allowing greater variation in dimensions. — 


6. (a) Not less than 10 specimens (preferably more) shall be 
tested in the normal condition. 

(b) The specimen shall be pulled apart at such a constant speed 
that the beam of the testing machine can be kept well balanced at all . 
loads. 
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(c) When failure occurs outside of the reduced section, that 
result shall be discarded. 

(d) The tests shall be made at a room temperature of about 
20 CRHG68" 1 E:); 

7. The report shall include the following: Renért 

(a) The diameter in inches or centimeters as measured by a 
micrometer at the point of fracture. 

(0) The breaking load of each specimen in pounds or in kilograms. 

(c) The ultimate strength in pounds per square inch or in kilo- 
grams per square centimeter of each specimen as calculated from the 
actual area of the specimen measured at the point of fracture. 

(d) The average of the results given in Paragraph (c). 


(e) The character of the material tested and a description of its 
behavior under stress. 

(f) The speed in inches or centimeters per minute at which the 
jaws traveled during the test. 


II. COMPRESSIVE STRENGTH. 

8. Any standard testing machine may be used. A contact pad or Apparatus. 
cushion of =; in. of blotting paper shall be placed between the upper 
and lower faces of the specimens and the heads of the testing machine 
to equalize irregularities in the surfaces. Fresh cushions shall be 
used for each specimen tested. 

9. The test specimen shown in Fig. 7 shall be used for the com- Specimens 
pressive strength test. 
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Method. 10. (a) Not less than 10 specimens (preferably more) shall be 
tested in the condition in which they are received. 
(b) The load shall be applied at that constant rate of speed 
which will permit the beam to be kept well balanced at all loads. 
(c) The test shall be made at a room temperature of about 20° C. 
(68° F.). 


Fic. 4. 


Report. 11. The report shall include the following: 

(a) The dimensions of each specimen in inches or in millimeters. 

(b) The load in pounds or kilograms on each specimen at the 
first sign of fracture. 

(c) The ultimate compressive strength in pounds per square 
inch or in kilograms per square centimeter for each specimen calculated 
from the measured area before the load is applied. 

(d) The average of the results given in Paragraph (c). 


‘= 
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(e) General character of the material tested and a description 
of its behavior under load. 


(f) The speed in inches or in centimeters at which the jaws 
traveled during the test. 


III. RESISTANCE TO IMPACT. 


12. The test shall be made with an apparatus in which a weight Apparatus. 
of 1 lb. is raised $ in. and allowed to fall on the specimen. It is then 
raised 1 in. and allowed to fall again on the specimen. This is con- 
tinued, the weight being raised and dropped through a distance 
increasing by increments of § in. until the specimen is broken. 

13. The test specimen shown in Fig. 7 shall be used for impact 
tests. 

14. (a) The test specimen shall be clamped in the base of the Procedure. 
impact tester directly under the hammer. ‘The stops shall be set to 


Specimen. 


RSSSWASS SI ee 


N N GMM MM 


eee 


. 
" 


dhe aN 
’ . 
stae ‘ 
hs ei 


\ 


Kok tre ke blotting SS IN | a 
Paper GES 

SAO rN XCxv 

NS 


give a successively increasing rise of hammer by 4-in. increments, the 
first height being $ in. 

(b) The entire hammer shall weigh 1 |b. 

(c) The test shall be continued until the specimen cracks. 

(d) Not less than five specimens shall be tested in the condition 
in which they are received. 

15. The report shall include the number of blows required to 
break each specimen, the energy of each blow in inch-pounds and the 
total energy in inch-pounds (that is, the sum of all blows). 


Report. 


NotE.—The apparatus may be a simple hand-operated one constructed along 
the line of the one shown in Fig. 8 or a motor-operated machine where the weight 
is lifted and the distances are increased automatically. 
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IV. DIELECTRIC STRENGTH. | 

16. The apparatus shall be as described in Section 14 of the 
Standard Methods of Testing Molded Insulating Materials (Serial 
Designation: D 48) of the American Society for Testing Materials.} 

17. The specimens shall be as shown in Fig. 1 except that the 
threads may be omitted. 

18. (a) Porcelain for all purposes.—A pad of wet clay about { in. 
thick shall be laid in the groove and a lining of wet clay about ¢ in. 
thick put on the inside of the specimen. ‘The potential shall be ap- 
plied to these two pads of clay by any suitable means. Mercury may 
be substituted for the wet clay if desired. The test should preferably 
be made in air but it may be made in transformer oil if necessary. 


SS 
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Not less than ten specimens shall be punctured in their normal 
condition at a normal room temperature of about 20° C. (68° F.). 

(b). Porcelain for transmission line insulators.—In addition to the 
test prescribed in Paragraph (a), not less than 10 specimens shall be 
tested in the same manner at a temperature of 75° C. (167° F.). 

(c) Porcelain for spark plugs.—In addition to the test prescribed 
in Paragraph (a), not less than 10 specimens shall be tested to 
determine the effect of high temperatures on the dielectric strength. 
The specimens shall be placed in an electrically heated oven the 
temperature of which can be raised at a constant rate to 600° C. 
(1112° F.). A given voltage shall be applied and maintained constant 
and the temperature raised at any constant rate such that the porcelain 
is always practically at the temperature of the air. The temperature 
shall be raised until puncture occurs. 

(d) Whenever a puncture occurs at a point other than the mini- 


11924 Book of A.S.T.M. Standards. 
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mum section of the specimen in any of the tests prescribed above, 
that result shall be discarded. 

19. The report shall include the following: 

(a) A statement of the purpose for which the porcelain is intended 
and the kind of tests which were made. 

(6) The thickness of the specimen at the bottom of the groove. 

(c) The voltage at puncture for each of the test specimens 
together with the average, maximum and mimimum volts per mil or 
per millimeter of thickness. 


V. RESISTANCE TO THERMAL CHANGE. 


(A) Porcelain for Transmission Line Insulators. 


20. The apparatus shall consist of a hot water bath maintained 
at a temperature of 100° C. (212° F.) and an ice water bath main- 
tained at 0° C. (32° F.). 

ats) Ae tect specimens shall be as shown in Fig. 1. 

22. (a) The test specimen shall be im- 
mersed in the ice water bath for ten min- - | 


utes and then transferred as quickly as Soupa le | ie 
possible to the hot water bath, and allowed na ee 

to. remain..there. for ten, minutes. The V | 
specimen shall be transferred back to the -—- (|-}-— 
cold water and the cycles continued until 


the specimen breaks. 

(b) Not less than five specimens shall 
be tested. 

23. Report the number of cycles necessary to cause fracture 
of each test specimen. 


Pras sy, 


(B) Porcelain for Spark Plugs and Heating Devices. 


24. A furnace in which a temperature of 900° C. (1652° F.) 
can be obtained and any suitable testing machine for determining 
the transverse strength of small beams may be used. 

25. The specimens shall be as shown in Fig. 3. 

26. (a) One-half of not less than 12 specimens shall be taken 
and placed in the furnace. The rate of heating shall be so adjusted 
that the temperature reaches 900° C. (1652° F.) in two hours. The 
furnace shall then be allowed to cool at such a rate that room tem- 
perature is reached in four hours. 

(b) All specimens for transverse strength shall be tested by plac- 
ing them on supports 6 in. apart and loading them at the center. 

27. The report shall include the following: 
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(a) The load in pounds or kilograms required to break each 
specimen not subjected to heat treatment, together with the average. 

(b) The load required to break each specimen that was subjected 
to heat treatment, together with the average. 

(c) The percentage loss of strength due to heat treatment cal- 
culated from the two averages. 
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VI. POROSITY. 
(A) Water Absorption. 


28. Any good chemical balance, a beaker of distilled water at 
normal room temperature of about 20° C. (68° F.) and an oven of any 
standard make capable of maintaining a uniform temperature at the 
desired point within+5° C. shall be provided. 

29. A single piece of porcelain shall be used weighing from 30 to 
50 g. and with at least. 50 per cent of the surface newly fractured. 

30. The specimen shall be dried for 24 hours at 120° C. (248° F:), 
cooled in a desiccator and weighed. ‘The specimen shall then be 
totally submerged in the distilled water at room temperature (about 
20° C.) and allowed to remain submerged for 100 hours. The water 
shall be boiled for approximately one hour during the first, twenty- 
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fifth, forty-ninth and seventy-third hours. The specimen shall be 
removed at the end of the 100-hour period, the surface moisture 
carefully dried off with a clean, dry cloth and the specimen weighed. 

31. The report shall include the following: 

(a) The original weight of the specimen; 

(b) The dry weight of the specimen; 

(c) The dry weight of the specimen after immersion for 100 hours; 

(d) The percentage of moisture content in each specimen as 
received and the percentage of moisture absorbed during 100 hours, 
taking the dry weight as 100 per cent, and the average where more 
than one specimen is tested. 


(B) Penetration of Dye. 


32. A closed receptacle containing an alcoholic dye solution and 
a pump with which a pressure up to 600 lb. per sq. in. can be maintained 
in the receptable shall be provided. 

33. A single specimen of porcelain shall be used, weighing at 
least 30 g. and with at least 50 per cent of the surface newly fractured. 
This specimen may be taken from any piece of finished ware, but if the 
piece varies materially in thickness (as, for example, in a transmission 
line insulator), a specimen shall be taken from both the thinnest and 
the thickest portions. 

34. The specimen shall be immersed for two hours in a saturated 
methol alcoholic solution of eosin or fuchsine at a pressure of not less 
than 200 Ib. per sq. in. nor more than 600 lb. per sq. in. at a room 
temperature of about 20° C. (68° F.). 

35. The report shall include a statement of the maximum depth of 
penetration of the dye toward the interior of the specimen from the 
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fractured surface exposed to the solution. (Lines of penetration 


along obvious cracks caused by possible fracturing are to be dis- 
regarded.) 
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TENTATIVE METHODS OF TESTING SHEET AND TAPE 
INSULATING MATERIALS FOR DIELECTRIC 
STRENGTH! 


Serial Designation: D 149 —- 24 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. Itis not a Standard of the Society and is subject to annual revision. 


ISSUED, 1922; REVISED, 1923, 1924. 


1. These methods are designed to determine the dielectric strength 
of sheet and tape insulating materials. Since the dielectric strength 
of such materials is dependent upon the time of application of the 
electrical tension, two tests differing in time duration are included as 
A, Short-Time Dielectric Strength Test, and 6, One-Minute Step- 
by-Step Dielectric Strength Test, respectively. 

A third test, designated as an Endurance Dielectric Strength 
Test, is included under C. It shows the relative dielectric strength 
of different flexible sheet and tape insulating materials at high tem- 
perature when subjected to electrical tensions for relatively long 
periods, 

It should be noted that the results obtained with the electrodes 
specified for sheet material will differ from those specified for tape 
material (Section 3) and will not be comparable because the apparent 
dielectric strength of thin materials varies with the area of the 
electrodes. 

A. Shori-Time Dielectric Strength Test 


ly JAPPARATUS 


2. (a) Any well-designed, high-tension transformer connected to 
an alternating current supply, having as nearly a true sine wave as 
possible, may be used. The transformer and the source of supply of 
energy shall be not less than 2 kva. for voltages of 50,000 volts or less, 
and not less than 5 kva. for voltages above 50,000 volts. The fre- 
quency shall not exceed 100 cycles per second. 

(b) Regulation shall be so controlled that the high- tension testing 
voltage taken from the secondary of the testing transformer can be 

1 Criticisms of these Tentative Methods are solicited and should be directed to Mr. H. S. Vassar, 


Secretary of Committee D-9 on Electrical Insulating Materials, Twenty-first St. and Clinton Ave., 
Irvington, N. J. 
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raised gradually from any point and in no case more than 500 volts 
at a step. The control may be made by generator field regulation, 
with an induction regulator, or with a variable ratio auto transformer. 
Any method of regulating the voltage is satisfactory which does not 
_ distort the wave more than 10 per cent from a sinusoidal shape. 

(c) The voltage may be measured by any approved method 
which gives root-mean-square values, preferably by means of a volt- 
meter connected to a special voltmeter coil in the high-tension wind- 
ing of the testing transformer, or to a separate step-down instrument 
potential transformer. A voltmeter on the low-tension side of the 
transformer is satisfactory, if the ratio of transformation does not 
change under any test condition. An electrostatic voltmeter prop- 
erly calibrated in the high-tension circuit is also satisfactory. A 


spark gap may be used to check the readings at very high potentials. 


(d) Some protection is desirable in the high-tension circuit of 
testing transformers where the potential is 25,000 volts or over, to 
prevent dangerous surges and limit the current when the test specimen 
is punctured. It is, however, desirable to have as much energy avail- 
able as possible when puncture occurs. If impedance in the form of 
choke coils is used in series with the high-tension terminals, it should 
not be greater than that which will limit the high-tension current to 
double the normal rated current of the testing transformer. 

When a spark gap is used, a non-inductive resistance of about 
one ohm per volt should be inserted in series with one terminal of the 
spark gap, to damp high-frequency oscillations at the time of break- 
down and limit the current flow. This resistance shall be as near the 
gap as possible. If the test is made with one side grounded, this 
resistance shall be on the ungrounded side of the circuit, and if neither 
side is grounded, the resistance shall be inserted one-half on each side 
of the spark gap. Water tube resistors are preferable to carbon for 
this purpose, as carbon resistance may be materially decreased by the 
passage of current. | 

{e) The apparatus used and the method of measuring the voltage 
shall meet the requirements of the Standards of the American 
Institute of Electrical Engineers. 

3. The electrodes shall be of brass or copper with flat polished 
contact surfaces. For sheet material they shall be cylinders 2 in. 
(50.8 mm.) in diameter and 1 in. (25.4 mm.) in length with the edges 
rounded to a radius of ¢ in. (6.35 mm.). For tapes the electrodes 
shall be cylindrical rods % in. (6.35 mm.) in diameter with edges 
rounded to a radius of gy in. (0.8 mm.) and the upper movable one 
shall weigh 0.1 Ib. (45.4 g.) = 0.005 Ib. (2.3 g.). 
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II. TEST SPECIMENS 


4. (a) The test specimens may be of any convenient size, but 
the total area of the specimens of one sample of material shall be 
sufficient to permit making at least ten satisfactory tests. 

(b) The specimens shall be representative of the material to be 
tested, care being taken to select material which is free from abnormal 
defects such as blisters, wrinkles, cracks, etc. 


III. PROCEDURE 


5. The tests shall be made in air with the specimen at room 
temperature. 

6. The testing electrodes shall be kept clean and polished. 

7. The electrodes shall be self-aligning, and shall be placed 


_ exactly opposite one another with the specimen in a horizontal plane 


between them. 

8. The edges of tapes shall be clamped between blocks of insu- 
lating material under a pressure of approximately 100 lb. per sq. in. 
to prevent flashover occurring before puncture. 


Note.—In the Appendix are shown two different devices which have been 
found satisfactory for these tests. 


9. Starting at zero, the voltage shall be increased uniformly to 
breakdown at a rate of 0.5 kilovolt per second, except that if break- 
down occurs at this rate in less than 40 seconds, the rate shall be 
decreased so that breakdown will occur in not less than 40 seconds. 
If the material fails at less than 5 kilovolts, the minimum time shall be 
reduced from 40 seconds to 20 seconds. 

10. Ten tests shall be made and the average of these ten punc- 
turing voltages shall be taken. 

11. The thickness of the specimen shall be measured at each 
puncture, using a ratchet micrometer graduated to 0.001 in. and 
having a circular foot not less than 0.240 in. nor more than 0.260 in. 
in diameter. 

12. The report shall include the following: 


(a) The thickness of the specimen at each puncture; 

(b) Total volts and volts per mil of thickness at each puncture; 

(c) The average, maximum and minimum volts at puncture per 
mil of thickness for each sample; 

(2) The room temperature; 

(e) The relative humidity, in per cent; 

(f) The duration of the test. 
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B. One-Minute Step-by-Step Dielectric Strength Test 
IV. APPARATUS 


13. The apparatus shall consist of the high-voltage transformer 
and the electrodes specified in Sections 2 and 3. 


_ V. TEST SPECIMENS 
14. The test specimens shall be as specified in Section 4. 


VI. PROCEDURE 

15. The tests shall be made in air with the specimen at room 
temperature. 

16. The testing electrodes shall be kept clean and polished. 

17. The electrodes shall be self-aligning, and shall be placed 
exactly opposite one another with the specimen in a horizontal plane 
between them. 

18. The edges of tapes shall be clamped between blocks of insu- 
lating material under a pressure of approximately 100 lb. per sq. in. 
to prevent flashover occurring before puncture. 


NotE.—In the Appendix are shown two different devices which have been found 
satisfactory for these tests. 


19. A voltage shall be applied which is equal to 40 per cent of 
the breakdown voltage obtained in the short-time test to the nearest 
even 1000 volts (or 500 volts with low voltages). The voltage shall 
then be increased by 10 per cent of the initial value until failure 
occurs, the voltage being held at each step for one minute. When 
changing from one step to a higher step, the voltage shall be increased 
to the required value within 10 seconds. 

20. Five tests shall be made and the average of these five punc- 
turing voltages shall be taken. 

21. The thickness of the specimen shall be measured at each 
puncture, using a ratchet micrometer graduated to 0.001 in. and 
having a circular foot not less than 0.240 in. nor more than 0.260 in. 
in diameter. | 

22. The report shall include the following: 

(a) The thickness of the specimen at each puncture; 

(b) Total volts and volts per mil of thickness at each puncture; 

(c) The average, maximum and minimum volts at puncture per 
mil of thickness for each sample; 

(d) The room temperature; 

(e) The relative humidity, in per cent; 

(f{) The duration of the test; 

(g) The value of the initially applied voltage and the value of 
the voltage at each step. 
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C. Endurance Dielectric Strength Test 
VII. APPARATUS 


23. The apparatus shall consist of the high-voltage transformer 
specified in Section 2. 

24. (a) The specimens shall be made by wrapping the mate- 
rial, in tape form with one-quarter lap, one-half lap, butt jointed or 
as sheets, on brass tubes. ‘The tubes shall be, for sheets and for tape 
up to 1 in. in width, about 36 in. in length and 1 in. in outside diam- 
eter. For tapes wider than 14% in., the tubes’shall be 2 in. in outside 
diameter. The sample shall be built up to the desired thickness, 
simulating practical conditions, winding all layers of tape in the same 
direction. 

(b) A smooth layer of metal foil shall then be wrapped over the 
insulation for a distance of 24 in., leaving 6 in. of insulation uncovered 
at each end of the tube. The metal foil shall be bound in place with 
a wrapping of adhesive tape and shall extend the full length of the 
tube in order to protect the insulation at the end from corona discharge. 

(c) A thermocouple shall be applied to the metal foil near the 
center of the tube and held in place by the adhesive tape. 


VIII. PROCEDURE 


25. The specimen shall be mounted in an oven and a temperature 
of 100° C. (212° F.) maintained during the test. Provision shall be 
made for so mounting the specimen that the tube may be connected 
to the high voltage side of the circuit with the metal foil sheath and 
thermocouple connected to ground. 

26. A voltage equal to 10 per cent of the breakdown voltage (to 
the nearest kilovolt) obtained in the short-time test (Test A) shall be 
applied and maintained for 30 minutes. ‘The voltage shall then be 
increased by steps of 20 per cent of the initial value until puncture 
occurs, the voltage being held at each step for 30 minutes. 

27. The temperature of the sample as indicated by the thermo- 
couple shall be observed at intervals during the test and recorded at 
the end of each 30-minute period. It will be found that the tem- 
perature rises gradually until just before breakdown when the tem- 
perature increases rapidly. During this latter period, temperature 
readings shall be recorded at frequent intervals. 

28. (a) The results shall be plotted using time, expressed in 
hours, as abscissas, and temperature, in degrees Centigrade, as ordi- 
nates. In addition to time as abscissas, the values of applied kilovolts 
shall be indicated since the value of kilovolts increases uniformly with 
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time. The significant values to be taken from the curve and reported 
are: 

(1) Duration of test; 

(2) Breakdown voltage; 

(3) Temperature of specimen at breakdown; 

(4) Rate of temperature rise during test. 
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Fic. 1.—Elementary Form of Tape Tester. 


(6) The report shall also include a description of the specimen 
and its preparation, the thickness of the insulation and the number of 
layers of insulation. 


APPENDIX 


Referring to Fig. 1, the four wooden clamping blocks, A, are held together 
by the screws B. These blocks are impregnated with paraffin which assists in 
sealing the joints between the wooden blocks and the tape. The electrodes are 
introduced into the space between the blocks at C. The tape can be advanced 
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through the blocks, for each shot, by opening and closing the clamping screws. 
In order to secure satisfactory results, the blocks must have accurately finished 
surfaces and should be carefully aligned. 

Referring to Fig. 2, the two impregnated wooden clamping blocks, A, are 
pressed together by the spring, B, which is secured to the latched handle, C. 
Releasing the latch allows the blocks, A, to be separated to insert the tape or 
examine the electrodes or contact surfaces of the blocks. 


Detail of 


Upper Electrode 


Oprings to Separate Blocks = 
Electrode “‘D”-- ‘| ~ 
Fic. 2.—Lever-Operated Form of Tape Tester. 


The lower electrode, D, is fixed in position with its top flush with the lower 
block A. The upper electrode, E, is removable and its contact face is pressed 
against the tape by the internal spring, F. The spring B seats on the electrode E, 
which rests on a shoulder in the block A. 

The openings, G, provide the necessary vents for the arc which occurs when the 
tape under test fails. The successful operation of this device depends upon the 
accuracy of the contact faces of the blocks A, their alignment, the impregnation of 
the blocks A and the vent openings G. 


TENTATIVE METHODS OF TESTING ELECTRICAL INSU- 
LATING MATERIALS FOR PHASE DIFFERENCE 
(POWER FACTOR) AND DIELECTRIC CONSTANT 

AT RADIO FREQUENCIES! 


Serial Designation: D 150-23 T 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. 


ISSUED, 1922; REVISED, 1923 


1. This method of test is intended to apply to all solid electrical 
insulating materials. 

The behavior of material under test at radio frequencies is funda- 
mentally different from that at low frequencies. 

In this test the phase difference of the dielectric is determined at 
a measured frequency by determining the effective resistance (or 
equivalent series resistance) and capacity of a condenser made up with 
the material as the dielectric. The dielectric constant is calculated 
from the measured capacity of such a condenser, and the thickness 
and area of the dielectric. 

The dielectric power loss is proportional to the product of the 
dielectric constant and the phase difference. 


1.) APPARATUS: 


2. The circuit in which the radio frequency waves are generated 
is called the generating circuit. The source of radio frequency voltage 
shall be an electron tube oscillator the frequency of which can be 
varied over the range desired and which can be coupled loosely to the 
measuring circuit. It shall furnish sufficient power so that the presence 
of the measuring circuit will not reduce its output. The output of 
the oscillator must be very constant, as any variation in voltage will 
cause a much larger variation in the final results, because of the differ- 
ential method used. For this reason it is highly desirable to have the 

1 Criticisms of these Tentative Methods are solicited and should be directed, preferably before 


January 1, 1926, to Mr. H. S. Vassar, Secretary of Committee D-9 on Electrical Insulating 
Materials, Twenty-first St. and Clinton Ave., Irvington, N. J. 
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plate current supplied by a storage battery or other source of very 
constant power. . . 

3. The circuit in which the electrical insulating material specimen 
is placed for test is called the measuring circuit. | 

This circuit is composed of: 

A condenser employing the test specimen as the dielectric and 
two metallic surfaces as the conducting plates. 

A standard condenser of a special design having negligible phase 
difference or power factor. 

One or more special inductance coils. 

A low-resistance thermo-element (preferably less than five ohms). 

A special double-pole double-throw switch equipped with mercury 
wells. 

A set of resistor links having direct current resistance values rang- 
ing from negligible to about 40 ohms. 

A sensitive low-resistance wall galvanometer of the deflecting 
mirror type or other suitable type of indicating instrument. 

The arrangement of the apparatus in the measuring circuit is 
shown in Fig. 6 of the Appendix. 

4, The instrument used to measure the frequency of oscillation 
of the current in the generating circuit is called a frequency meter or 
wave meter. This instrument may be of any commercial design 
covering the wave-frequency range of about 85.7 to 1500 kilocycles 
per second (corresponding to wave lengths of 3500 to 200 meters) and 
capable of calibration accurate to within 1 per cent over the wave- 
frequency range used. 


II. TEST SPECIMEN. 


5. (a) For testing molded materials, the test specimen shall be 
a disk having the dimensions shown in Fig. 13 of the Appendix. A 
raised rim about the circumference is provided to hold a layer of 
mercury to form the upper plate when the specimen is used as a 
condenser. 

(b) For testing laminated stiff sheet materials, either circular or 
rectangular test specimens may be used and the specimen shall be of 
such dimensions that, after fixing the upper mercury surface diameter 
(or length and width) at 2 cm. less than that of the specimen, the 
electrical capacity shall be not less than 100 micro-microfarads (100 
uuf.). Specimens 25.4 by 30.4 cm. (10 by 12 in.) are recommended 
for general use. 

(c) For testing solid waxes the test specimen may be cast to the 
shape mentioned in either Paragraph (a) or Paragraph (0). 
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(d) For testing very thin or flexible sheet material, such as 
varnished paper or mica, tin-foil may be used as the conducting con- 
denser plates. The instructions for capacity and relative areas of 
conducting plates given in Paragraph (0) apply here. Where neces- 
sary, a mixture of beeswax and petrolatum may be employed as an 
adhesive for the tin-foil. 

(e) For testing films of insulating varnishes, lacquers, paints, etc., 
the test specimen shall be as specified for dielectric strength tests in 
Sections 8 (a), (b), (c), and (d) of the Tentative Methods of Testing 
Insulating Varnishes (Serial Designation: D 115-25 T) of the Amer- 
ican Society for Testing Materials," except that the consistency of the 
varnish need not be adjusted. The copper or brass plate shall be one 
condenser plate and tin-foil the other. The tin-foil sheet shall not be 
larger than 18 cm. (7.09 in.) square. Both varnish films may be 
tested individually. 

III. PROCEDURE. 


(A) Phase Difference (power factor). 


6. (a) The phase difference (power factor) of two specimens shall 
be measured by the resistance-variation method? in the condition 
received at normal room temperature of about 20° C. (68° F.) and 
at 5 radio-frequencies between 98 and 1200 kilocycles per second 
(3050 to 250 meters) each. 

(b) When practicable, the phase difference (power factor) of two 
specimens shall be measured by the same method and at radio fre- 
quencies within the same limits as mentioned in Paragraph (a) after 
the specimens have been immersed in water at a temperature of about 
20° C. (68° F.) for 48 hours. The edges of the specimen shall have 
been protected from the action of the water by dipping it in melted 
paraffin to a depth of 10 mm. (0.394 in.). After removing the speci- 
men from the water, the surface water shall be wiped off with a clean, 
absorbent cloth, being careful not to handle the paraffined edge, and 
then allowed to stand in the room away from drafts and direct sun- 
light for five minutes before making the measurements. 

7. The specimen shall be floated on mercury in a glass dish on an 
insulating support levelled by means of levelling screws. Sufficient 
mercury shall be poured on the upper surface of the specimen to cover 
that surface within the confines of the barrier. In the case of molded 
materials, the confining barrier shall be of the material of the specimen; 
in the case of stiff sheet materials, the confining barrier shall be 


1 See p. 633. 
2 The principles of the resistance-variation method of measuring phase difference and dielectric 


constant are given in Bureau of Standards Circular No. 74, pp. 180-193. 
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a two-piece copper rectangle or ring made of 0.32-cm. (§-in.) square 
copper wire. 

8. The details of the method of testing for phase difference are 
given in the Appendix. 

9. The values of phase difference in degrees shall be calculared 
from the formula: 


Phase difference in degrees, W° = 3.60 RCf X 10-7 


Il 


where f = frequency in kilocycles per second; 
R = measured resistance of specimen condenser in ohms; 
C = measured capacity of specimen in micromicrofarads; 


Of Phase difference in degrees, ¥° = 0.1079 ~< 
where R and C are the same as above and A = the wave length 
expressed in meters. 


(B) Dielectric Constant. 


10. The capacity of a condenser in which the specimen is the 
dielectric shall be determined by comparison with a standard variable 
air condenser under the conditions prescribed for phase difference meas- 
urements in Sections 6 (a) and 6 (6) with the specimen arranged as 
in Section 7. | 

11. The details of the method of determining capacity are given 
in the Appendix. 

12. The dielectric constant shall be calculated from the formula: 

CE 
0.0885 S 
where C = the capacitance of the specimen in micromicrofarads; 
T = the average thickness of the dielectric expressed in centi- 
meters; 
S = the area of the upper metallic surface expressed in square 
centimeters; 


Dielectric constant K = 


CT 


or K= 
0.2248 


where C = the capacitance of the specimen in micromicrofarads; 
T = the average thickness of the dielectric expressed in inches; 
S = the area of the upper metallic surface expressed in square 
inches. 


IV. REPORT. 
13. The report shall include the following: 
(a) The description of the material: 7. e., filler or base, binder, 
grade, color and average thickness; 
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(b) Room temperature and relative humidity; 

(c) A curve for each specimen, showing phase difference (power 
factor) and dielectric constant plotted as ordinate values, and wave 
frequencies (wave lengths) as abscissa values for the specimen as 
received and when practicable after immersion in water for 48 hours. 
Each curve sheet will, therefore, show two phase difference and two 
dielectric constant curves; 

(d) The phase ditie@ier and dielectric constant of each specimen 
at wave frequencies of 100 and 1000 kilocycles per second (3000 and 
300 meters) as read from the curves for each of the two conditions and 
the average phase difference and dielectric constant and their product 
at these same frequencies. 


APPENDIX 


DETAILS OF RESISTANCE-VARIATION METHOD OF MEASURE- 
MENT OF PHASE DIFFERENCE (POWER FACTOR) AND 
DIELECTRIC CONSTANT 


Introduction.—A test specimen for the measurement of phase difference 
and dielectric constant at radio frequencies consists of a piece of insulating 
material placed between metal plates, the whole constituting an electric con- 
denser. It is quite convenient and satisfactory to use mercury or tin-foil as 
the metal for the condenser plates. The specimen of molded insulating material 
may be floated on mercury and a pool of mercury formed on top of the speci- 
men, confined by the raised rim about the edge of the test specimen. 

The phase difference of an electrical insulating material is 


p =/90% ap 


where @ is the phase angle between the current flowing and the voltage across 
a condenser which has the space between its conducting plates filled with the 


RI 


I 


C a 
—lewww990— 
‘Fic. 1.—Vector Diagram. Fic. 2.—Condenser Circuit. 


insulating material. The voltage E (Fig. 1) across the condenser may be 
considered to be made up of a voltage a acting on the capacity and a 
voltage R J acting on a resistance in series with the capacity. Thus, the con- 
denser is, for the purpose of measurement, considered as equivalent to a pure 
capacity C with a resistance R in series with it (Fig. 2). This resistance is 
called ‘‘effective resistance” or ‘‘equivalent resistance” of thé condenser, 
sometimes shortened to simply ‘‘resistance.”” This resistance is quite distinct 
from the direct-current or leakage resistance of the condenser. 

The phase difference y may be calculated from the effective resistance and 
other quantities as follows: From Fig. 1. 
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where w = 2mtimes the frequency of the current. Since for small angles 
tan W = y, therefore 


Wile aC. 


The phase difference y is known if R, w and C are known. The phase difference 
measurement thus involves a determination of three separate quantities. The 
formula / = RwC is correct for Yin radians, R in ohms and C in farads. With 


Fic. 3.—Radio-Frequency Generating Circuit. 


the wave length in meters (A,,) in the formula instead of w, y in degrees instead 
of radians, RK in ohms, and C in micromicrofarads instead of farads, 

KEG 

y° = 0.1079 —— 

Am 
The three quantities involved in the phase difference are measured with 
radio frequency currents. The current of a radio frequency is caused to flow in 
a circuit containing the condenser made up from the insulating material under 
test. The equivalent resistance (R) is determined by the resistance-variation 
method and the capacity is measured by comparison with a standard variable 
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air condenser. The determifiation of the equivalent resistance is the most 
important and difficult part of the measurement. ‘The wave frequency or wave 
length (A) is measured by a wave-meter placed near the generating circuit. 

From the measurement of the capacity C of the test specimen, the value 
of the dielectric constant of the insulating material is easily obtained. The 
average thickness T of the dielectric and the area S of the upper mercury surface 
plate are measured. ‘The dielectric constant is 


eee Tse 
~ 0.0885 S$ 


where C is expressed in micromicrofarads, T in centimeters and S in square 
centimeters. 


K 


Fic. 4.—Secondary Inductance. 


Circuits:—The measurement of phase difference and dielectric constant at 
radio frequencies requires a generating circuit and a suitable measuring circuit. 

The generating circuit is shown schematically in Fig. 3. The inductance 
coil L, is any one of a series of detachable tubular single layer inductors arranged 
somewhat as shown in Fig. 4. For the tests outlined in these specifications, it 
is probable that no more than five tubular inductors will be required. The 
smaller inductor may be made by winding 13 turns of wire on a 34-in. tube with 
6 turns on either side of the middle clip. The larger inductor may be made by 
winding 112 turns of wire on a 6$-in. tube, 32 turns on either side of the middle 
clip and 24 turns outside of both outside clips. ‘The other three inductors may 
be made to cover the gap between these two extremes. 

The variable air condenser C may be of any suitable commercial shielded 
type having a maximum capacity of about 0.003 microfarads (3000 micro- 
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microfarads), ‘The ammeter A is of the hot wire type having a range of 0 to 1 
ampere. The by-pass condenser C, may be any type of fixed condenser capable 
of withstanding 500 volts (direct current). 

The plate battery B, may be a 100 to 300-volt storage battery of the lead- 
acid type having an ampere capacity of about 0.2 ampere at the 8-hour 
discharge rate. Fig. 5 shows a 100-volt battery of this type with the supports 
fixed for stacking the batteries in an upright position. A lead couple and jar are 
also shown separately in this figure. 

The ammeter A, may be any type of direct-current instrument having a 
range of 0 to 50 milliemapees The three-electrode electron tube T may be 
any of the so-called power tubes rated at 5 watts or over. The voltmeter V 
may be any type of direct-current instrument having a range suited to the type 


Fic. 5.—Storage Battery. 


of electron tube used. The filament battery B, should be of the lead-acid type 
whose voltage and ampere-hour capacity will be determined by the type of 
electron tube selected. The ampere carrying capacity and the resistance of the 
rheostat R would also be dependent on the type of tube selected. 

The measuring circuit is shown schematically in Fig. 6. The standard 
variable air condenser C, may be of the Bureau of Standards standard type 
having a maximum capacity of not to exceed 0.001 microfarads (1000 micro- 
microfarads). Fig. 7 shows the general construction of this type of condenser. 
This condenser is described more fully in Circular No. 74 of the U. S. Bureau of 
Standards, ‘“‘Radio Instruments and Measurements,” Section 32. The special 
switch with mercury wells, together with a non-inductive resistor are shown in 
Fig. 8. The special switch is constructed throughout of insulating material 
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except the leads and wells which are of copper. The two upright standards of 
the switch are Pyrex glass rods about 1 cm. in diameter, while the supports 
which hold the six copper wells and leads are of Pyrex glass tubing. The copper 
wells are swaged to the copper leads and no solder used, The non-inductive 
resistor is made from a piece of glass tubing, two corks, two pieces of about 
No. 14 copper wire bent to form an Z and a piece of small-diameter high- 
resistance wire. Several of these resistors are required, but in all cases the distance 
between the spurs should be the same, because the resistors must fit into the 
mercury wells, as shown in the switch (Fig. 8). Each of these units has a 
different value of resistance made so by varying either the length or the 
diameter of the resistance wire or both. 

The condenser C, is made either by floating the test specimen on mercury 
and pouring mercury on the upper surface until it is filled to the confining 
barriers or by the use of two sheets of tin-foil. The mercury bath on which 
the specimen rests is contained in a glass dish which rests on a piece of 
insulating material which in turn is supported by some sort of a levelling device. 
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Fic. 6.—Measuring Circuit. 


Fig. 9 shows the method of floating the specimen except that in this case a 
rectangular specimen is shown without a flange of the same material. A two- 
piece rectangular copper mercury retainer is used on the upper surface. 

The standard inductor L, Fig. 6, may be of the type shown in Fig. 10, except 
that only standard binding posts will be required for connections. This inductor 
must be of some design having a comparatively low resistance so that the coil 
resistance will not be a large proportion of the combined equivalent resistance 
of the circuit made up of inductor L and the specimen condenser C,. To cover 
the wave frequencies (wave lengths) named in these specifications, it would be 
desirable to have at least five inductors having inductance values of about 
0.1, 0.5, 1, 2, and 3 millihenries. 

The thermo-element T is of the crossed-wire type shown in Fig. 11. For 
this purpose the thermo-element base might better be equipped with four 
binding posts than with two binding posts and two clips. A cylindrical cap 
fits into the circular groove cut in the base and is held in place by a cap nut 
which screws on to the small brass bolt shown attached to the base. The wires 
used on this type of thermo-element may be of steel and ‘‘constantan”’ or 
“advance”? about 0.02 mm. in diameter (see Bureau of Standards Radio 
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Laboratory Report cR251-2a). The resistance of the thermo-element should be 
from 3 to 5 ohms. A shielded cable connecting the thermo-element T to the 
galvanometer G may be standard lead-sheathed duplex cable. 

The galvanometer G is a sensitive low-resistance wall galvanometer of the 
deflecting mirror type whose deflections within reasonable limits are proportional 
to the square of the current. A Leeds & Northrup No. 2285 high-sensitivity 
galvanometer with an external damping resistance of about 5 ohms, period 
about 2 seconds and concave mirror for about one meter focal distance has been 
found satisfactory. 

Fig. 12 shows the complete apparatus as assembled in the Radio Laboratory 
of the Bureau of Standards. For more exact measurements the complete 
apparatus itself is housed in a small section of the room and completely sur- 
rounded with a fine mesh wire such as window screening. The purpose of this 
shielding is to insure the accuracy of measurement by shielding out the influence 
of outside radio-frequency generators. This view shows the wavemeter mounted 
on a tall stand, a rather complicated radio-frequency generator, a rack of 100- 
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volt storage batteries, the bottle of distilled water for use with the batteries, the 
galvanometer rack showing the scale, lamp and galvanometer, the test specimen 
floated ready for measurement, the special skeleton switch, the standard 
inductor, the standard condenser and a box of non-inductive resistors. In 
addition, there will be observed a series of parallel wires between the generating 
circuit and the measuring circuit and also between the measuring circuit and the 
place occupied by the operator. The parallel wires between the generating 
circuit and the measuring circuit are all soldered together at the end nearest 
the operator (the left-hand end as shown), and left separate at the other end. 
The wire which connects all the parallel screening wires is then attached toa 
ground connection. The parallel wires between the measuring circuit and the 
operator are unattached at either end but all attached in the middle. This 
middle connector is also attached to the ground connection. The upper half 
of the shield between the operator and the measuring circuit is hinged to make 
it more easy to change the apparatus. It will be noticed that two panels of the 
over-all wire-netting screen have been removed in the photograph. The third 
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Ry 


Mercury ‘ HMM ie / 
Well. <= : 


“Flexible 


Fic. 8.—Special Switch. | 


Fic. 9.—Test Specimen Floating on Mercury. 
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2 . 
panel at the extreme right front of the photograph is hinged to form a door. 
This door permits the operator to arrange the test specimen in the mercury bath. 

Method of Measurement.—Assume that the 13-turn inductor L, is in position 
as shown in Fig. 3 and the other parts of the generating circuit are in readiness 
and generating radio-frequency current. Bring the generating circuit near to the 
measuring circuit with the shield of parallel wires between them as shown in 
Fig. 12. Put the 0.05-millihenry standard inductor L (Fig. 6) in position and 
insert heavy copper links between wells 1 and 3 and between 2 and 4. Write 
the value of the inductance LZ in Space No. 1 of the data sheet, Table I. Tune 
the generating circuit to the measuring circuit by varying the setting of the 
condenser C (Fig. 3), resonance being determined by the maximum deflection 


ay, 


Fic. 10.—Standard Inductor. 


of the galvanometer G (Fig. 6). It is essential that this tuning be done carefully. 
Change the coupling between ZL, and L until the maximum deflection at reso- 
nance is about 40 cm. if a 50-cm. scale is used. Leave the generating circuit 
untouched and determine the wave frequency (wave length) emitted by the 
generating circuit by means of a frequency meter (wave meter). Record the 
wave-meter setting in Space No. 2, TableI. Remove the wave meter. Remove 
the copper link on the grounded side (that is between wells 2 and 4) and read the 
zero error of the galvanometer and record the value in Column No. 1 of the data 
sheet. Reinsert the copper link and record the maximum deflection in Column 
No. 2. Record the resistance of the heavy copper link as 0 in Column No. 5. 
Remove the copper link spanning wells 2 and 4 and read the zero deflection of 
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the galvanometer. Insert this as the second entry in Column No. 1. Pick out 
a non-inductive resistor of such resistance that it will cut the galvanometer 
deflection to about half the maximum value and insert between wells 2 and 4 
to replace the copper link. Record the galvanometer deflection as a second 


TABLE I.—SAMPLE RECORD OF TEST. 


Dareiof Teste oy ro. eae Specimen, No, ti ee Test’ NO...) enous ane 

SPEcimen, mUDMILCER DV ys.g wee sues oo Number Submitted,.............. Date, eee 

Base of Fier, ote, ee Brier Seer CHYad ew ee Colot 7 seers 

Dry Bulb ae nig, Orble RU et Bttll,cc..06 eh Setathalieg °F. Relative Humidity,_....... % 

NOtES oie niece oo schast ceeded tome omen cael jens ote ean 
Average thickness (T)_...0..22..22------- (No. 11) cm. (No. 11) in. 


Standard Inductance, (No. 1) mh. 

Wavemeter, (No. 2) deg. 

Stand. Cond. No., (No. 4), (No. 3) deg. 
Upper plate area (S)ois2 0 (No. 12) cm.2 (No. 12) in.? 
Wave Freq., kc/sec., (No. 5) f. 

Wave Length, (No. 6) Meters. 

Specimen Capacity, (No. 7) ppf. 

Phase Difference, ¥° of | oe ee ee 

Power factor of Specimen, (No. 10) %. 

Dielectric Constant, K =(No. 13). 

Phase difference X Dielectric Constant, ¥°XK =(No. 14). 


Setting of 


Galvanometer. ie Total Equiv. 


Resistance | 2 : 
Inserted, dy ele Se Res. of Cx, 
Zero Maximum True Mean Ri f he mee, 

Deflection. | Deflection. Deflection. Deflection. : x 
0.30 41.70 41.40 41.40 AO 22 .08 
0.32 15 .00 14.68 14.69 B 18.01 0.679 26.63 Pp eae elees 
0.32 41.70 41.38 41.40 A 
0.33 © 13 .67 13 .34 13 .36 C202 27 0.761 26.56 
0.33 41.70 41.37 41.37 YW | WM docabeleeonpir trai | bool) oes 
0.38 12.81 12.43 12.43 D 21.84 0.825 26.48 (Polen ae 
0.38 41.79 SW We IN IT a Ba Pat AO eer ee i eh 
0.36 13.75 13.39 Cr 202 ee | ae ome Aves Vie] gah eccnas 
0.37 41.77 eB TCD SA III etary OU Rh Ea VAT Osa] Seed etore 
0.39 15.09 14.70 BisiOlwe hae pee 26.5200) Seen 
0.49 41.71 41.22 41.23 A PENN Wa Ct eb 
0.52 17.85 16.83 16.84 B 2.51 0.565 4.44 
0.50 41.74 41.24 41.24 AO! en says te 
0.52 14.91 14.39 14.40 C 3.08 0.692 AG TN: see 
0.50 41.77 41.27 41.27 A 0 Pra Mr ee. Wee era! 
0.52 11.42 10.90 10.90 D 4.20 0.947 fe. aha Pac MS 
0.53 41.78 41.25 A 0 ican ae be. Qvtee 
0.53 14.93 14.40 C 3.08 AVG. tt Wee ae 
0.53 41.77 41.24 WEED ates) at LN aera ere 
0.55 17.39 16.84 pA chelbanae dc By 2G Aa bemeratas!s 4.44 1 Sepa 


entry in Column No. 2 and the ohmic resistance of the resistor as a second 
entry in Column No. 5. Assuming the copper link to be A and three non- 
inductive resistors of increasing resistance values to be B, C, and D, insert the 
several links (A, B, C, and D) on the grounded side of the switch between wells 
2 and 4 in the order AB, AC, AD, AC, AB. Record each zero error and maxi- 
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mum deflection in the proper place in Columns Nos. 1 and 2 and the value of 
resistance inserted in the circuit in Column No. 5. Remove the links from the 
wells 1 to 3 and 2 to 4 and insert copper links 
between 3 and 5 and between 4 and 6. Move 
the generating circuit about 50 cm. away from 
the standard inductor L, being careful not to 
change the setting of any of the variables in the 
generating circuit. Check the wave frequency of 
the generating circuit. Tune the measuring 
circuit (composed of the standard condenser C,, 
standard inductor L, the thermo-element T and 
the galvanometer G) to the generating circuit by 
varying the setting of the standard condenser C,. 
Change the coupling between L, and L to give 
about 40 cm. galvanometer deflection on the Fic. 11.—Thermo-element. 
50-cm. scale. Tune the measuring circuit very 

carefully but do not vary any controls on the generating circuit. Read the 
setting of the standard condenser C, and record in Space No. 3. If more than 
one standard condenser is available in the laboratory, record the number of the 


Fic. 12.—Complete Apparatus as Installed in Radio Laboratory, U. S. Bureau of 
Standards. 


condenser used in Space No. 4 for the purpose of identification. Remove the 
copper link from between wells 4 to 6, read the galvanometer zero deflection 
and record the value in the first column of the data sheet (see 0.049, Column 
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No. 1). Reinsert the copper link and read the maximum galvanometer deflec- 
tion, record the numerical value in Column No. 2. Proceed in this manner, 
as above described, inserting resistors in the order AB, AC, AD, AC, AB. 

The data in the body of the data sheet may now be computed. Column 
No. 3 is obtained by subtracting the zero deflection from the corresponding 
maximum deflection. Thus 41.70 — 0.30 = 41.40, the true deflection, or 
15.00 — 0.32 = 14.68. Column No. 4 is obtained by averaging; that is, the 
two A deflections which precede the two B deflections, the two B deflections, 
the two A deflections which precede the two C deflections and the two C de- 
flections are averaged. ‘Thus, the average of 41.40 and 41.40 is 41.40 and of 
14.68 and 14.70 is 14.69. As has been stated, phase difference 


y° = 0.1079 AS 


The equivalent resistance R is computed in three steps and recorded in Column 
No. 8. By one measurement the equivalent resistance (R,) of the condenser 


/l0mm.(0.3937") 
SS soeeeeeneeceeeec cae 190 min, (7,4803") -------------- 22-22 -n senna nnn > nw 
oh D 
WOE ee anne nena (70 mar. (6.6929) =e a 1 lst 
3 at 189mm. a RC Slight Radius | ES 
ee 


| 
ee —-—-- 4 


\ Tolerance: + 0.076 mm. (0.003") 
45mm (01772') / 


3.0mm. (0.182) 


Fic. 13.—Molded Test Specimen. 


C, plus the resistance (R,) of the remainder of the circuit, including the inductor 
L, is determined. By another, the equivalent resistance (R,) of the standard 
condenser C, and the resistance (R,) of the remainder of the circuit, including 
the inductor ZL. Since in each case the remainder of the circuit is the same and 
the standard condenser C;, is considered to have negligible resistance, the differ- 
ence of the resistance values will be the equivalent resistance of the specimen 
condenser C,. That is, the resistance of the condenser C, plus the resistance 
of the circuit is Ry, -+ Ry, while the resistance of the standard condenser C, plus 
the resistance of the circuit is R, + Ry. R,is negligible, so R, + R, is equivalent 
to Ry. (Ry +R.) — Roe = Rx = the equivalent resistance of C,. 

The combined equivalent resistance of the specimen condenser and its 
attached circuit is computed first. 


The equivalent resistance R = 
where R, = resistance inserted, 


d, = galvanometer deflection with R, inserted, 
d, = galvanometer deflection with no resistance inserted. 
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The denominator is solved first and its values inserted in Column No. 6, while 
the values of R are inserted in Column No. 7. Thus, the values in Column 
No. 6 are 


2/ 41.40 Aste 40 Re 
| ae = 0.679, ae —1 = 0.761, and i ee 


The equivalent resistance R (Column No. 7) is obtained by dividing the ohmic 
resistance of the resistors B, C, and D by their respective denominators as shown 
in the above equation. Thus, the values of R are 


18.01 20.21 21.84 
9675 7 2053) Grey = 2655 Gans = 26-48. 


The same procedure is followed to determine the resistance of R, + Ry. As 
shown in the data sheet, these values are found to be 4.44, 4.45 and 4.43 ohms. 
The next step is to average each group of three resistances. The equivalent 
resistance of the specimen condenser C, is the difference between these averages, 
or 26.52 — 4.44 = 22.08 ohms. ‘The next step is to fill in Spaces Nos. 5, 6 and 
7 by referring to the calibration charts of the wave meter and the standard 
condenser. With these values available, the phase difference, or power factor of 
the specimen, may be computed. As has been previously stated, phase difference 
expressed in degrees is 


W° = 3.60 RCf xX 107 


or = 0.1079 < 


Assuming the specimen capacity (C) to be 235 micromicrofarads, the wave 
frequency (f) to be 1000 kc per sec. (wave length 300 meters), then the phase 
difference of the specimen is 


y° = 3.60 X 22.08 x 235 x 1000 x 10” = 1.87 deg. 


0.1079 x 22.08 x 235 
= ——————_= 1.8/7 deg. 
% 300 dee 
This value is inserted in Space No. 8 while the phase difference of the circuit 
is computed and inserted in Space No. 9. Thus the phase difference of the 
circuit equals: 


3.60 <x 4.44 x 235 x 1000 x 107 = 0.38 deg. 


0.1079 x 4.44 x 235 
or Sale 0.38 deg. 


For the small values of phase difference usually found in the better types of 
electrical insulating material, 


power factor in per cent = 1.75 x py”. 


This quantity is computed and entered in Space No. 10. The thickness and 
area of the specimen may now be measured and the values written in Spaces Nos. 
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11 and 12, respectively. The thickness (JT) should be the average of at least six 
micrometer readings. Having determined the thickness (7) and the area (S), 
and the capacity (C) (Spaces Nos. 7, 11 and 12), the dielectric constant may be 
computed from the formula previously given. Assuming T and S to be 0.45 
cm. and 284 cm. respectively, 


CT 235 X 0.45 


~ 0.0885 S 0.0885 X 284 je 


K 


The computed value of K is written in Space No. 13. For the better comparison 


TABLE II.—SAMPLE REPORT. 


Date of Test, May 10, 1922. Specimen Number, 1. 

Specimen submitted by A BC Co. Number submitted, 1. Date, May 1, 1922. 
Base or Filler, Wood flour. Binder, X Y Z Resin. Grade, No. 2. Color, Natural. 
Average thickness, 0.443 cm.,...... in. Room temperature, 21°C.,....... Bea in 
Relative humidity, 54%. 


Computed Values. 


Wave 
Frequency, Gilat! = * p 
’ ase . . . emarks. 
ie? " : Power Dielectric Product 
pe ve meters. are Factor, Constant, of 
pe . dic per cent. K vXK 
1071.0 280 2.04 SHRIYS 5.20 10.6 As received. 
492.0 610 1.92 3.36 5.28 10.1 
197 .4 1520 1.91 3.34 5.34 10.2 
113.6 2640 1.86 Bue 5.37 10.0 
95.0 3160 1.84 3.22 5.40 9.9 
1027.0 292 2.12 3.71 5.40 11.4 After water treatment. 
482.5 622 2.02 3.54 5.48 ddd. 
195.5 1534 2.01 3.52 5.54 Tht 
1125 2666 1.96 3.43 say 10.9 
93.8 3200 1.94 8.39 5.60 10.9 


of electrical insulating materials for radio use, both the phase difference and 
the dielectric constant should be considered. Space No. 14 has been left for 
the numerical product of phase difference expressed in degrees and the 
dielectric constant. Thus, 


Product = ¥° X K = 1.87 X 4.2 = 7.86. 


Report.—A convenient torm for the report is shown in Table II anda 
summary for 300 and 3000 meters is shown in Table III. 
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TABLE IIJ.—SAMPLE SUMMARY. 


Values of phase difference and dielectric constant, at 300 and 3000 meters wave length 
as read from curves, Fig. 14. 


Dit Dielectri Pp 
Wave Frequency. Gen Coeane ee 
deg. K 
As RrEcetvep, aT 21° C. 

HOOPRCIDEE SEOae crusts | Meike ke come Sind iste eine tren Ries wieas abtars s 
{UT UN aati retg | baa aed Ale ies So RES ie Rae Ret er Les A em oie a } B+ pee ee 
TORE WER PEO... 68.0 as Sst see de Pods od ates Ree atta slide sia sas 
RO PEIC LONE erate ae heccanallel Pea ae iateees aera oar oie ere eB Sibinie ortntee ayaa aux ; 2 a Se 

TRS ge eS ROE ea” es Re eR cd ae Ne ete 1.93 5.30 10.28 

Arrer 48 Hours In WATER at 21° C. 

TOO Kapen SeCe Le asea sy. Taek. We OR iden d de ote Aa SoS Dio Ehafays » tal’ \ 1.94 5.60 10.86 
OU TELE UEE Bs svaserece ote inarcdenae ier ol lec ss ohana pay Slava ciate news svereke eas Raye « 3ie.'0 lee J 
1000ike'perseGat.t tee RTE e Gaeta ase Meee tae riiteg Bb he ste e ap oe iafele } 2.11 5.40 11.40 
SOO PDAECCIS: Horch eit s ie bya ceete ety tars Re wee a eens eit aibas Abii obshasusch clause ss aup.eece 

VOPR OM Tn S5oc Tolled Vidas Meee ards Wha. g TEE REED Cail IocM dt alee 2.02 5.50 11.13 


B= .\9 ” atter 48 hours in Water 
C~ Dielectric Constant as Received. 5.0 
D-  » _» — after48 hours in Water. ; 


By (eset 2h! slag 
pestis] trol hi liutd 
2.10 6 

a al a el | 
2.08} as 5S 
8 pe | e 
E 2.00% AG 
al Gig ii esta E 
OU x ae Ma ees era z 
2 1.900 a CLARET SETAC T IG) Prey, — (2) “ 
CB) 
as i *s 
1.85 A- Phase Difference as Received. 5) a 


Coe Fe ED CO ek CO er EC Cone ee nee | PES CON | oe Sc 
ao oosce¢ce ¢ aN be = Ae = S S 
PONE Se he CO Lh Se Mien BO aiaeen teal teidan villi tent ea gah gS 


Wave Lenath (meters) 


Fic. 14.—Curves for Test Specimen No, 1. 


TENTATIVE METHOD OF TESTING ELECTRICAL 
INSULATING MATERIALS FOR VOLTAGE 
EFFECTS AT RADIO FREQUENCIES! 


Serial Designation: D 175-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to revision. 


IssUED, 1923; REVISED, 1925. 


Scope. 1. This method of test is intended to determine the dielectric 
failure of electrical insulating materials at radio frequencies.” 

The failure under radio frequency stress may take the form of 
charring, buckling, cracking, blistering, softening or chemical decom- 
position. Failure through the material is not abrupt and it, there- 
fore, requires a certain amount of judgment on the part of the operator 
to decide just what constitutes failure in any particular case. 

When a sheet of insulating material is tested between two metal 
electrodes passing through it, the heat generated increases with the 
thickness of the material, while the radiating surface remains nearly’ 
constant. Consequently, as the thickness of the sample is increased, 

_ the voltage at which failure occurs will decrease. As sufficient data 
are not available to allow results to be translated from one thickness 
to another, it is necessary that all comparative tests be made on 
samples of the same thickness. Hence, in the standard method given 
below, a definite thickness of sample is specified. This method, of 
course, 1s applicable to other thicknesses of material, but when so 
used the results should be compared only with similar tests made on 
like thicknesses of material. 


I. APPARATUS 


Generating 2. Any type of generator having an output of 500 watts or more 
Circuit. and generating continuous waves of 100 and 1000 kilocycles per second, 
respectively, and at voltages up to 5000 or 10,000 volts, depending upon 


1 Criticisms of this Tentative Method are solicited and should be directed to Mr. H. S. Vassar, 
Secretary of Committee D-9 on Electrical Insulating Materials, Twenty-first St. and Clinton Ave., 
Irvington, N. J. : 

2 A high frequency dielectric endurance test is being developed and will later be included in 
this tentative standard. 
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the class of materials tested, is satisfactory. If desired, a circuit 
similar to that shown in Fig. 1 may be used. 

3.. The voltage may be measured by means of the current through Voltmeter. 
a shielded radio frequency ammeter in series with a small shielded air 


a 
To Source of 
£ Filament Supply 
Ez: 
/o Source of 
“s Plate Suppl 
Le L. 


500000 


rece re--- 


Sample 


Fic. 1.—Schematic Diagram of Circuit for 
Determination of Voltage Effects. 


condenser of known capacity across the test terminals or by means 
of an electrostatic voltmeter designed to withstand radio frequency 
potentials. Suitable scales shall be provided so that reasonable 
accuracy will be obtained when measuring any testing voltages up to 
the maximum desired. 

If the ammeter method is used: 
161X107 


E (in volts) = 7C 


Frequency 
Meter. 


Electrodes. 


Test 
Specimens. 
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where J = current in amperes; 


jf = frequency in kilocycles per second; 
C = capacity of air condenser in micro-microfarads. 


Note.—In the above formula, the value 16 is an approximation, 15.92 being 


the exact value. 


4. The frequency meter or wave meter may be of any commercial 


design covering the required frequency or wave lengths and accurate 
to within + 10 per cent over the wave frequency range used. 


5. (a) The electrodes shall be of brass and shall be clean and 


polished. 
(b) The electrodes shall have the dimensions shown in Fig. 2. 


l6mrm. 
k ae (0.63') 3 3mm. kad. 
| bs 


(0.1/8") | 
cau Te | 
=a Ra 
QS yas Be 
=f S 
‘on S 
NO capone 
aye PINES SBI | 

ForHeavy Copper Leads | 


(No. 10 B.&65. or Larger) 


Fic. 2.—Showing Dimensions of Electrodes. 


II. TEST SPECIMENS 


6. (a) The specimens shall be representative of the material to 
be tested, care being taken to select material free from abnormal 
defects. 

(b) The specimens shall be 6.35 mm. (0.25 in.) in thickness and 
may be of any convenient size or shape provided that the center 
electrode (see Fig. 3) is at least 57.5 mm. (2.264 in.) from the out- 
side edge at all points. Other thicknesses may be used but the 
results therefrom should be used strictly for comparative purposes 
as explained under Section 1. If any samples are milled to reduce 
the thickness, care should be taken not to tear, chip or otherwise 
change the character of the material. Four holes 12.7 mm. (0.5 in.) 
in diameter, shall be provided in each specimen, one in the center 
and three equally spaced in a circle of 25.4 mm. (1.000 in.) radius 


as shown in Fig. 3. 
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III. PROCEDURE 


7. (a) Two specimens shall be tested in the condition received Surrounding 
at normal room temperature of about 20° C. (68° F.), one of these es 
at 100 kilocycles per second (3000 meters wave length) and the other Frequency. 
at 1000 kilocycles per second (300 meters wave length). 

(b) Similarly, an additional two specimens shall be tested respec- 
tively, at the frequencies specified in Paragraph (a) after the specimens 
have been immersed in distilled water at a temperature of about 20° C. 

(68° F.) for 48 hours. After removing the specimens from the water, 
the surface water shall be wiped off with a clean absorbent cloth and 
the specimens then allowed to stand in the room away from drafts and 


| _- Diameter of each 
of four Holes: 


Le tan 
(0.500") 


2 SA Sheet £'(6.35mt) 
In Thickness 


Fic. 3.—Test Specimen. 


direct sunlight for 5 minutes. The holes shall be drilled before 
immersion. 

8. One electrode (Fig. 2) shall be inserted in the center hole in Position of 
a specimen and a similar electrode in one of the other three holes. ieee 
The electrodes must be a tight fit, otherwise corona may form at 
comparatively low voltage and destroy the material. 

9. The electrodes shall then be connected to the test terminals Connection 
of the radio-frequency generator. One side of the generator shall be aaa 
grounded, and this terminal shall be connected to the center electrode Terminals. 
of the specimen. The reason for this is that the failure generally 
occurs around the high potential terminal and this will allow the two 
subsequent tests to be made between the center and the other two 


holes, the center not being destroyed. 


Application 
of Voltage. 


Test Period. 


Number of 
Tests. 


Report. 
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10. For materials which ordinarily fail below 3000 volts, the 
voltage shall be raised in steps of 500 volts. For materials which 
ordinarily fail above 3000 volts, the voltage shall be raised in steps 
of 1000 volts. Wherever possible, the initial voltage chosen shall be 
such that at least three voltage steps will be required to cause failure 
of the material. 

11. The voltage at each step shall be impressed for two minutes, 
the testing period being counted from the instant when the prescribed 
voltage is reached, and the time required to reach this voltage not 
exceeding % minute. Whenever samples thicker than that specified 
are used, this testing period should be changed to three minutes. 

12. Tests shall be made between the center hole and each of 
the other three holes of each specimen, the specimens being allowed 
to cool to room temperature after each test. 

The average of these three voltages shall be considered as the 
dielectric strength of the specimen under the conditions of the tests. 


IV) REPORT 

13. The report of the tests shall include: 

(a) The description of the material, z. e., base or filler, binder! 
grade, color and nature of surface of specimen ee elecrredes 

(b) Room temperature and relative humidity; 

(c) Voltage at which each dielectric failure occurs, average volt- 
age, duration of application of final voltage, and wave frequency. 

(2) Thickness of specimen at electrodes; 

(e) Nature of failure. 


SERIAL DESIGNATION: D 175-25 T 681 


APPENDIX 


SAMPLE RECORD OF TEST 


awe o. Lest... set AI BReStEING feet C4 SSE E90 Bee 
Specimens submitted by, .................. Nomber submitted, =..." Date... = 8... 
baseor Filler. 0 3s Binder, ge2- Oss, Grade,.s._<. 2): ColorFa enews. 
PIEV OUD Anse os CS EW etaB ull Ake te °C. Relative Humidity,.......... % 


DIELECTRIC FAILURE TEST 
Specimen Number 


1 2 3 4 

Pinciness of specimen at electrodes: (mil. ) ir 2 dite ecceecseckle  Cadeeceabeul Recceeeeccel 
Distance between electrode edges (mam.) o.oo yg ntencceccke  eceteenegee ynenece seen supy cecgeeveese 
Duration of immersion tests (hours).......... 5 2h 1 ole) peiaaie Nt nts Miaecay cs usimime Ele 
metmnerature, of water: (dee Centji tae son ian, tl OU Ano 
rearretiay. (TOC NCles DOT SSOOTNC ick erie Cg a cis. | peleachaansacdlie atinpuchanss 
Er EEG OCI LG Nee Ore ae fedin es eetdete yc RONG Act ceseneneik Lnnecatancgs) acocpcusudiag peossecstents 
Totty VOLO tO ke “Ett er SH Adu anions ete) ed dt lauudgalt eo! 
Voltage at failure: 

EE ONY. Beg LOD ell hang oe OP eh RR ge ea A A eM 


Asli ts ts Ae ween Roepe eecahtt eg os ebay kN BAO be RO ea ah Role Ae hs 8 POOR 
Duration of Application of Final Voltage (seconds): 

First teetiteiaiy. <ik+ Sarr 9 Oe, #705 Ep eee nme ESE Ce ee ee 

Second test..... Rawntl: ta Fetecin oo IAS Re Sem Sens Sa: OP ie SOO OOM S oc Sar Ee 

PESO abies an er ee oa ees, Re Be it edt ES pegged blecdennsact 
Condition of material after failure: 

Vy tap we 7 auld I eater 2a oO gh eae Ag Re al te a i old, oe SE 

SECON CESE: o.25 ls tn. ota e PEN ed seed tabiy KARP elec lecckeed CLE. BSL ee ST J 

Third test. 2s Pee aid, tee Deol: ot) Enea hag kh Ate ig TIE es 


TENTATIVE METHODS OF TESTING CABLE SPLICING 
AND POTHEAD COMPOUNDS! 


Serial Designation: D 176-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to revision. 


ISSUED, 1923; REVISED, 1924, 1925. 


Material 1. These tests are intended to cover compounds used in cable 
Covered. splices and potheads. 


I, PHYSICAL TESTS 


Physical 2. Each of the following tests shall be made in accordance with 
Tests. the method of test applicable, of the American Society for Testing 
Materials, as indicated: 

(a) Melting Point: Tentative Method of Test for Melting Point 
of Petrolatum (Serial Designation: D 127-24 T). | 

(b) Softening Point, for compounds having no definite melting 
point: Standard Method of Test for Softening Point of Bituminous 
Materials (Ring-and-Ball Method) (Serial Designation: D 36), or 

Standard Method of Test for Softening Point of Tar Products 
(Cube-in-Water Method) (Serial Designation: D 61)? 

The method used should be indicated in the report. 

(c) Flash and Fire Points: Standard Method of Test for Flash 
and Fire Points by Means of Open Cup (Serial Designation: D 92). 

(d) Evaporation: Standard Method of Test for Loss on Heating 
af Oil and Asphaltic Compounds (Serial Designation: D 6). 

(e) Viscosity, Temperature range from melting point to 150° C.: 
Saybolt Furol, Tentative Methods of Test for Viscosity of Petroleum 
Products and Lubricants (Serial Designation: D 88-25 T).! 

({) Penetration Test, Temperature range from melting or soft- 
ening point to —25° C.: Standard Method of Test for Penetration 
of Bituminous Materials (Serial Designation: D 5). 

1 Criticisms of these Tentative Methods are solicited and should be directed to Mr. H. S. Vassar, 
Secretary of Committee D-9 on Electrical Insulating Materials, Twenty-first St. and Clinton Ave., 
Irvington, N. J. 

2 See p. 341. 

81924 Book of A.S.T.M. Standards. 


‘See p. 358. 
6 A.S.T.M. Standards Adopted in 1925, 
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3. To determine the brittleness of the material, the compound Brittleness. 
shall be spread on a piece of sheet metal in a layer }; in. in thickness. 
It shall then be submerged :in water having a temperature at least 
20° F. above the expected breaking point. It shall then be cooled 
5° F. and held at this temperature for 5 minutes. The cooling shall 
then be continued in increments of 5° F. At each temperature 
interval the compounds shall be tested with the blade of a knife, in- 
setting the point with the blade as nearly parallel with the sheet 
metal as is practicable, and pulling the compound from the sheet 
metal as rapidly as possible by rotating the blade about its back as ° 
an axis. The temperature at which the compound no longer stretches 
but snaps, shall be considered the breaking point. 

II. DIELECTRIC STRENGTH TEST 

4. (a) This test is intended to determine the dielectric strength Dielectric 
of cable splicing and pothead compounds under voltage stresses of Se7sth- 
short duration. It is of value as a comparative test but does not 
indicate the permanent dielectric strength of these compounds. 

(6) The dielectric strength of this class of material varies with 
the temperature. It is, therefore, recommended that a sufficient 
number of tests be made at different temperatures to establish the 
momentary dielectric strength - temperature curve from —25° C. to 
+100° C. 

5. A representative sample shall be taken from the original Sample. 
package, melted and poured directly into the testing container. Care 
should be used in melting and pouring the compound not to overheat 
it nor to entrap air. The electrodes should be heated to the approxi- 
mate compound temperature before filling the container. 

6. (a) In the case of materials which are hard at room tempera- Electrodes. 
ture, they shall be tested between hemispherical electrodes embedded 
therein which are 3 in. in diameter separated by a gap of 0.1 in. 

Notge.—A convenient form of apparatus for holding the electrodes and com- 
pound is described in the Appendix. 

(b) In the case of materials which are soft at room tempera- 
ture, they shall be tested between polished brass or copper circular 
disk electrodes, 1 in. in diameter and having a square edge, the elec- 
trodes to be placed with their axes horizontal and coincident and with 
a gap of 0.1 in. between their adjacent faces. 


NotEe.—This test can*be made with the apparatus normally used for testing 
transformer and switch oils. (See the Standard Methods of Testing Transformer 
and Switch Oils (Serial Designation: D 117) of the American Society for Testing 
Materials.*) 


11924 Book of A.S.T.M. Standards. 
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7. The testing transformer used, methods of voltage control and 
measurement shall be as outlined in Section 2 of the Tentative 
Methods of Testing Sheet and Tape Insulating Materials for Dielectric 
Strength (Serial Designation: D 149 —- 24 T) of the American Society 
for Testing Materials.! 

8. Five specimens at a given temperature shall be tested and 
the average value taken as the momentary dielectric strength of the 
compound at that temperature. 

9. The report shall include the following: 

(a) The momentary dielectric strength — temperature curve; 

(b) The individual values of the puncturing voltage at the 
various temperatures. 


III. COEFFICIENT OF EXPANSION 

10. Calibrated flasks of Pyrex or quartz glass holding approxi- 
mately 250 cc. to the zero mark, having necks 1 cm. in internal 
diameter and graduated for 25 cc. in 0.1-cc. divisions, total Ro Paaiay 
approximately 275 cc., shall be used. 

NoTE.—If it is necessary to use a small sample, then a Cassia flask holding 
100 cc., with neck graduated for 10 cc. in 0.1-cc. divisions, may be used. 

11. The cylindrical oil bath for heating the sample shall be 
approximately 10 in. (25.4 cm.) in inside diameter and 20 in. (50.8 
cm.) in inside depth with a false bottom 1 in. from the bottom and 
shall have provision for circulating the oil. 

NotEe.—This bath may be made as follows: A shell about 10 in. (25.4 cm.) in 
inside diameter and 20 in. (50.8 cm.) in inside depth is electrically heated by winding 
the shell with resistance wire and covering with five layers of asbestos paper. A 
motor-droven paddle at the bottom will give effective oil circulation. 

12. A lead collar to be hung on the flask during test to ee 
the oil currents of the bath from moving the flask. 

13. The capacity of the flask at the zero point and ee 
points on the scale shall be determined by filling the flask with 
distilled water at a known temperature and weighing. 

14. The flask shall first be warmed slightly, then partly filled 
with melted compound and placed in the bath which shall then be 
brought to the highest temperature of the range over which the test 
is to extend. The flask shall then be filled to within the last cc. 
marked on the neck. The bath shall be held at this temperature for 
not less than 30 minutes (principally to remove air bubbles) and the 
whole shall then be slowly cooled to room temperature (10 to 12 
hours.) Before starting the test, the flasks shall be examined for the 


1 See p. 650. 


SERIAL DESIGNATION: D 176—25 T 685 


the presence of cavities or irregular contraction of the compound. 
Some compounds, after cooling below the liquid state, tend to stick 
to the sides of the neck of the flask. In that case it is necessary to 
gradually warm the neck and flow the compound to meet the rest, 
after which the flask is placed in the bath for an hour or so to insure 
equalizing the temperature. 

With the compound satisfactorily placed in the flasks at the 
lowest temperature, the height of the column in the neck shall be 
read and the bath then slowly heated. Readings shall be taken at 
5° C, intervals, holding the bath as constant as possible at each point 
until no more expansion occurs at that point, the procedure being 
repeated for each point until maximum temperature is reached. 

15. During the test, temperature readings shall be taken at top 
and bottom of the bath to detect any variation. 

Until the compound is completely liquefied, intervals between 
readings should be three to four hours, especially between 35 and 55° C. 

After becoming liquefied, the time necessary for obtaining a 
reading may be reduced to about 30 minutes. 

16. (a) After securing the readings over the temperature range 
desired, a curve shall be plotted from the temperature and flask read- 
ings from which the coefficient of expansion shall be calculated from 
the formula: 

Vy — V 
= ae 
where V =original volume; 
V,=volume at higher temperature; 
T =original temperature; 
T,=higher temperature; 
C =constant =coefficient of expansion of glass container. 

(b) The coefficient shall be calculated for three ranges as follows: 

(1) From the minimum temperature at which the measure- 
ment was made to 10° C. below the melting point. This 
is intended to give the average coefficient for the solid 
condition. ; 

(2) From 5° C. above the melting point to 100° C. This is 
intended to give the average coefficient for the liquid 
condition. 

(3) From the minimum temperature at which a measurement 
was made to 100° C. 

In reporting the coefficient of expansion the corresponding tem- 
perature range shall be indicated in each case. 
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Because of the great difficulty in removing most cable splicing and pot 
head compounds from the container and from the electrodes, an arrangement 
was devised sufficiently inexpensive to permit of its being discarded wholly 
or in part after the test. That is, each specimen with its container can be 
entirely discarded without undue expense. 

One form of container consists of a small rectangular box about 2% in. 
(6.4 cm.) in length and 1} in. (3.8 cm.) square, the ends of which are dry 
wood about 4 in. in thickness. The sides and bottom are formed from a 
piece of thin, hard fiber tacked to the wooden end pieces. The fiber is 
partially cut at the corners which permits making a sharp, square bend. 

Each electrode is mounted on the end of a piece of straight copper wire, 
No. 10 A.W.G., which passes through a hole at the center of the wooden end 


-4-->-Removable 


Plan. 


Section A-A. 


Fic. 1.—Container, Showing Electrodes in Place for Dielectric Test 
of Cable Splicing and Pothead Compounds. 


pieces. These holes are drilled in one operation so that they are in the same 
straight line. They are made slightly smaller so that the rods fit tightly and 
are therefore not readily moved. 

Fig. 1 shows a sketch of a container in which the ends and the bottom are 
formed from one block of thoroughly dried wood which has been boiled in 
paraffin, the sides being pieces of thin, hard fiber tacked to the wood. 

In the construction of these containers, it is obviously important that the 
electrodes be reasonably co-axial and that the gap remain constant. 

In making tests at high voltage it will probably be found necessary to 
immerse the container with its specimen in oil in order to prevent flash-over 
between the exposed ends of the electrode rods. The ends of the rods can be 
bent to form hooks, by means of which the specimen holder can be readily 
suspended in a jar of oil. 


TENTATIVE METHODS OF TESTING UNTREATED 
INSULATING PAPER! 


Serial Designation: D 202-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It isnot a Standard of the Society and is subject to annual revision. 


IssUED, 1924; REVISED, 1925. 


1. These methods apply to untreated paper which is to be used 
as an electrical insulator or as a constituent of a composite material 
used for electrical insulating purposes. 


I. SAMPLING 


2. (a) From shipments consisting of rolls, a sample of at least 
1 sq. yd. in area, cut across the entire width of the roll, shall be taken 
from every tenth roll in the shipment. From other shipments such 
as sheets or pads of tape, samples of equivalent area shall be taken in 
such a manner as to be equally representative of the shipment. In 
no case shall less than three samples be taken. 


NotTEe.—It is recommended that several turns of paper from each roll sampled 
be torn off and discarded before the samples are taken. 


(b) The tests for physical properties shall be made upon each 
sample. 

(c) The tests for acidity,? moisture content, size,? ash and for 
identification of fibers? shall be made in duplicate upon portions taken 
from a composite sample. This composite sample shall be made up 
of a sufficient number of small pieces, each of approximately 6.5 sq.cm. 
(1 sq. in.) in area taken in nearly equal amounts from each of the 
samples taken in accordance with Paragraph (a). 

(2) The required number of samples shall be taken at equal 
intervals across the sheet, the two end samples being taken at the 
edges of the sheet after removing any damaged paper. When it is 

1 Criticisms of these Tentative Methods are solicited and should be directed to Mr. H. S. Vassar, 
Secretary of Committee D-9 on Electrical Insulating Materials, Twenty-first St. and Clinton Ave., 
Irvington, N. J. 


2 The tests for acidity, size, identification of fibers, and folding endurance do not appear in these 
methods but will be included as soon as the tests are developed by the committee. 
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not possible to secure the required number of specimens in this manner 
in going once across the sheet, the selection across the sheet shall be 
repeated as many times as necessary until the required number of 
specimens is secured. 


II. CONDITIONING SAMPLES 

3. Samples shall be conditioned in air maintained at a relative 
humidity between 60 and 65 per cent as measured with a sling psy- 
chrometer or its equivalent. The temperature of the air shall be 
maintained as constant as possible at some temperature between the 
limits of 20 and 30° C. (68 and 86° F.).. The samples should remain 
in the conditioned air for not less than 4 hours prior to the tests and 
should be supported so as to allow a free circulation around each 
sample. The following physical tests shall be made in the condi- 
tioned’ air: tensile breaking strength, tearing strength, bursting 
strength, folding endurance,! air permeability,! and thickness. 


III. MOISTURE CONTENT 

4. A weighing bottle, evaporating dish, thermometer, constant- 
temperature oven, chemical balance and desiccator are necessary for 
the test. The weighing bottle should be of convenient size, about 
65 mm. (2.56 in.) in height and 45 mm. (1.77 in.) in diameter with a 
wide mouth provided with a ground-glass stopper. The chemical 
balance should be sensitive to 0.1 mg. 

5. The moisture content figure is used to calculate the percentage 
of acidity, size, and ash of the paper to the bone-dry basis. It shall 
be determined on 2 to 5-g. samples selected in accordance with 
Section 2 (c). 

If the moisture content of the paper as received at the purchaser’s 
works is desired or at any other stated time, it shall be made on the 
sample taken at the definitely stated time by cutting small pieces of 
approximately 6.5 sq. cm. (1 sq. in.) in area from the required number 
of rolls or pads of tape in accordance with Section 2 (a) and imme- 
diately placed into an air-tight container. 

NotTeE.—Since paper adjusts itself, as regards moisture content, to the humidity 
of the surrounding atmosphere in a very short time (2 or 3 minutes), special care 
must be exercised to transfer rapidly the sample from the roll or bundle to the con- 
tainer and from the container to the weighing bottle. 

6. The sample before drying shall be weighed in the tared bottle 
with the stopper in place. The bottle shall then be placed in the 
oven at 100 to 105° C. (212 to 221° F.), the stopper removed and laid 
alongside of the bottle and the contents transferred to the drying 


1 The tests for acidity, size, identification of fibers, and folding endurance do not appear in these 
methods but will be included as soon as the tests are developed by the committee. 
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dish. After one hour, while still in the oven, the sample shall be 
replaced in the weighing bottle, and the bottle stoppered and trans- 
ferred to the desiccator. The stopper should be removed while the 


bottle cools. When the specimen and the bottle have cooled to ° 


room temperature, the stopper shall be replaced and the bottle with 
its contents weighed. This process shall be repeated at intervals of 
one hour until the difference in weight between two successive weigh- 
ings is not more than 0.2 per cent of the weight of the specimen. 


NotEe.—The weighing bottle or sample should not be touched with the fingers 
during this test. 


7. The moisture content shall be expressed: 
(a) as a percentage of the weight of the dry sample, and 
(b) as a percentage of the weight of the undried sample. 


IV. THICKNESS 


8. A micrometer of the spring actuated, dial type shall be used. 
The plunger shall be capable of being raised by the application of 
an upward pressure to it. The plunger surface shall be circular in 
shape and 12.7 mm. (0.50 in.) in diameter. 

In addition to these requirements, the instrument shall conform 
to the following: 

(a) The pressure applied to the plunger necessary to move the 
pointer from zero to a positive reading shall be not greater than 
1135 g. (40 oz.). ; 

(b) The pressure applied to the plunger necessary to just prevent 
movement of the pointer from zero to a lower reading shall be not less 
than 455 g. (16 oz.). 

(c) If the instrument is provided with a device for controlling 
the speed of descent of the plunger, the latter shall not strike the 
anvil with an impact pressure greater than 1135 g. (40 oz.). 

(d) The diameter of the dial shall be approximately 15 cm. 
(6 in.) and shall be graduated preferably in divisions indicating a 
thickness of 0.0127 mm. (0.0005 in.) and in no case greater than 
0.0254 mm. (0.001 in.). Graduations indicating a thickness of 
0.0254 mm. (0.001 in.) shall be at least 3 mm. (0.12 in.) apart. 

(e) Measurements made on standard steel thickness gages shall 


be within the following tolerances: 


PERMISSIBLE DEVIATION OF READ- 
ING FROM ACTUAL THICKNESS OF 


INTERVALS STANDARD STEEL GAGE 
eco renin. (0 £0 0.01710)) ICH wea carat nies &4'> + (0.0025 mm. (0.0001 in.) 
Over 0.25 mm. to 1.02 mm. (0.01 in. to 0.04 in.) incl.... +0.0051 mm. (0.0002 in.) 


Over 1.02 mm. to 3.05 mm. (0.04 in. to 0.12 in.) incl.... +0.0102 mm. (0.0004 in.) 
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(f) Convenient means shall be provided for setting the pointer 
to the zero position. 
(g) The micrometer shall be tested periodically as outlined above 


~ and if it does not conform to these requirements its mechanism should 


Specimens. 


Methods. 


Report. 


Apparatus. 


Specimens. 


Procedure. 


Report. 


be readjusted. : 

9, Specimens shall consist of the original samples obtained in 
accordance with Section 2 (a). 

10. At least five readings shall be taken at regular intervals 
across the entire width of each specimen. When measuring paper 
less than 0.05 mm. (0.002 in.) in thickness, a sufficient number of 
layers to give a reading on the scale of not less than 0.13 mm. (0.005 
in.) shall be used. 

11. The average, maximum and minimum thicknesses obtained 
on each specimen shall be reported. 


V. TENSILE BREAKING STRENGTH 

12. (a) A testing machine suitably designed for testirig paper 
shall be used. ‘The machine shall preferably be power driven. 

(b) The capacity of the machine shall not exceed 113 kg. (250 lb.). 

(c) The machine shall be graduated to read 1 lb. or 1 kg. or 
less per scale division for testing paper breaking at 22.7 kg. (50 lb.) 
or over, and to 0.5 lb. or 0.5 kg. or less for testing paper breaking 
under 22.7 kg. (50 lb.). 

13. From each of the samples selected in accordance with Sec- 
tion 2 (a), specimens shall be cut at least ten in the machine direction 
and if practicable, ten in the cross-machine direction. The speci- 
mens shall not exceed 2.54 cm. (1 in.) in width and shall be 25.4 cm. 
(10 in.) in length with clean-cut edges. 

14. (a) The ratio of the clearance distance between jaws to the 
width of the specimen shall be not less than 5:1 nor more than 10:1. 

(b) The rate of travel of the movable jaw shall be constant. It 
shall preferably be 30.5 cm. (12 in.) per minute, but it may be within 
the limits of 28 cm. (11 in.) and 33 cm. (13 in.) per minute provided 
it is constant. 

(c) All readings obtained when the paper breaks at or in the 
jaws shall be rejected. 

15. (a) The results of the machine-direction specimens and the 
cross-machine-direction specimens shall be reported separately. 

(b) The results shall be reported in kilograms or pounds together 
with the width of the specimen in centimeters or inches and also the 
average thickness. 

(c) The maximum, minimum, and average breaking load shall 
be reported for the machine-direction and the cross-machine direction. 
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VI. TEARING STRENGTH 


16. The testing machine shall be of the pendulum impulse type 
so designed as to produce a tear approximately 4.2 cm. (1.66 in.) 
long. ‘The knife mounted on the machine to cut the slit for the tear 
shall be maintained sharp. 

17. The specimens shall be taken from the original samples 
obtained in accordance with Section 2 (6) and shall be cut 6.3 cm. 
(2.5 in.) in width and at least 6.3 cm. (2.5 in.) in length. Enough 
specimens shall be cut so that at least five readings in the machine 
direction and five readings in the cross-direction, if possible, can be 
obtained for each original sample. 

18. Enough paper shall be torn so that the readings on the 
machine shall be not less than 10 nor more than 20 g., unless one 
paper alone yields a reading greater than 20 g., in which case only one 
paper shall be torn at one time. Readings obtained when a tear devi- 
- ates more than 6.3 mm. (0.25 in.) from a straight line, shall be rejected. 
The readings obtained shall be multiplied by the instrument constant 
corresponding to the number of sheets torn. 

19. (a) The tearing strengths obtained on the machine-direction 
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specimens and on the cross-direction specimens shall be reported 


separately in grams. 

(b) The average, the maximum, and the minimum tearing 
strengths shall be reported for the machine-direction specimens. If 
possible, similar results shall be reported for the cross-direction 
specimens. 


VII. BURSTING STRENGTH 


20. The testing machine shall have a circular flexible diaphragm 
6.44 sq.cm. (1 sq.in.)in area. The pressure chamber shall be filled with 
glycerin or other suitable pressure medium and shall contain no air 
spaces. The test specimen shall be held in position over the dia- 
phragm in a clamp having a circular hole approximately 6.44 sq. cm. 
(1 sq. in.) in area so that the diaphragm will force the paper into the 
hole when pressure is applied under the diaphragm. ‘The pressure 
exerted on the diaphragm shall be indicated on a dial, graduated to 
at least 0.23 kg. (0.5 lb.) for papers giving bursting strengths 18 kg. 
(40 lb.) or under. A dial graduated 0.45 kg. (1 lb.) may be used in 
testing papers which give higher bursting strengths. The machine 
may be either hand-operated or power-driven, the latter being prefer- 
able. 

21. If practicable, the specimen shall be so cut from the stock 
as to permit ten bursting tests on a line across the sheet or roll. 
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Procedure. 22. Ten bursts shall be made. ‘The testing machine shall be 
driven at a uniform speed of 120 r.p.m. until the specimen bursts. 
Report. 23. The report shall include the average, the maximum, and the 


minimum results obtained. 


VIII. ABSORPTION 


(RISE OF WATER) 


Apparatus. 24. A suitable container and support for specimens and scale is 
shown in Fig. 1. ; 


Fic. 1.—Apparatus for Absorption Test. 


Reerintens. 25. Ten strips 2.5 cm. (1 in.) in width and at least 12.5 cm. 
(5 in.) in length shall be cut from the samples obtained in accordance 
with Section 2 (a), five being cut parallel with the machine direction 
of the paper and five being cut parallel with the cross-direction of the 
paper. 

Procedure. 26. The specimens shall be suspended vertically with one end 
dipping 3.2 mm. (0.125 in.) in distilled water at room temperature. 
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After five minutes of suspension, the rise of the water in the paper 
above the water level shall be noted. The rise may be measured by 
reading directly from the scale the height of absorption. 

27. The rise of water shall be reported in millimeters, to the 
nearest 3 mm. or in inches to the nearest ¢ in. 


IX. MIL WEIGHT PER REAM 
(APPARENT DENSITY) 


28. A scale, sharp knife, chemical balance and weighing bottle are 
necessary for the test. 

29. Duplicate specimens shall be taken from as widely separated 
portions as possible from each of the samples obtained in accordance 
with Section 2 (a) and conditioned in accordance with Section 3. 

30. (a) Each specimen while in the conditioned atmosphere 
(see Section 3) shall be cut accurately to any convenient size, for 
example, 232.3 sq. cm. (36 sq. in.) in area, and accurately weighed. 
Specimens of sufficient size to weigh at least from 3 to 5 g. (0.11 to 
0.18 oz.) should be taken. If it is not possible to do the weighing in 
the conditioned atmosphere, the specimen shall be placed in a weigh- 
ing bottle and tightly stoppered with a ground glass stopper before 
being removed from the conditioned atmosphere. The thickness of 
each specimen shall be determined in accordance with Section 10. 

(b) Mil Weight per Ream of Any Size.—The mil (or point) weight 
in pounds per ream of any size may be calculated from the following 
formula: 


mS N 
W =0.002205 em 
a 


where m = the weight of the specimen expressed in grams; 
it = the average thickness of the specimen expressed in mils 
(thousandths of an inch); 
a = the area of the specimen expressed in square inches; 
S = the area of one sheet in the basic ream expressed in square 
inches; 
N = the number of sheets in the ream. 

NoTE.—0.002205 is contracted from 0.00220462. 

NotEe.—The following formulas may be used to calculate the mil weight in 
pounds per ream for reams of particular sizes, provided a specimen of exactly 232.3 
sq. cm. (36 sq. in.) is used: 

Ream of 24 by 36 in., 480 sheets. 


m 
W =25.40 eR 
where m=the weight of specimen expressed in grams; 


t=the average thickness of the specimen in mils (thousandths of an inch). 
25.40 is contracted from 25.3972224. 
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Ream of 24 by 36 in., 500 sheets. 
m 
W =26.45 vir 


where m and ¢ are the same as above and 26.45 is contracted from 26.45544. 


NotTE.—The ream weight may be obtained from the above formulas by omitting 
the thickness ‘‘t’’. 


(c) Weight per Unit Volume.—The weight in pounds per cubic 
foot (density) may be calculated from the following formula: 
m 
D=3810 — 
ta 
Where m = the weight of the specimen expressed in grams. 
¢t = the average thickness of the specimen expressed in mils 
(thousandths of an inch). 
a = the area of the specimen expressed in square inches. 
NoTEe.—3810 is contracted from 3809.58336. 
Note.—To convert weight in pounds per cubic foot to mil weight in sacral 


per ream of 24 by 36 in., 480 sheets, multiply by 0.24; to convert to mil weight in 
pounds per ream of 24 ty 36 in., 500 sheets, multiply by 0.25. 


31. The weight in pounds per cubic foot or the mil weight per 
ream shall be reported. ‘The size of the ream must be given when the 
mil weight per ream is reported. 


xX. AIR RESISTANCE 


32. (a) The instrument shall consist of two aluminum open-top 
cylinders, one of which is inverted and slides into the other which is 
fixed. The movable cylinder shall be provided with a circular aper- 
ture in the closed end and a flat ring clamp for holding the paper 
specimen across this aperture. 

(b) The fixed cylinder ‘shall be 25.4 cm. (10 in.) in height and 
shall have an external diameter of 8.60 cm. (3.38 in.) and an internal 
diameter of 8.25 cm. (3.25 in.). Four slender bars, each 18.5 cm. 
(7.3 in.) long, 3 mm. (0.12 in.) wide and approximately 1.5 mm. 
(0.06 in.) thick shall be mounted vertically and equi-distantly on the 
inner surface of the fixed cylinder to act as guide tracks for the movable 
cylinder. The movable cylinder shall be graduated in units of 50 cc. 
and shall have a total range of 350 cc. It shall be 25.4 cm. (10 in.) 
high and shall have an external diameter of 7.62 cm. (3.00 in.) and an 
internal diameter of 7.35 cm. (2.90 in.). It shall weigh, including the 
flat ring clamp and the two knurled nuts, 567 g. (20 oz.) +5'g. (0.18 
oz.). The movable cylinder and the flat ring clamp shall have a 
concentric circular aperture of 6.44 sq. cm. (1.00 sq. in.) in area. 
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When this aperture is too large for the specimen a similar movable 
cylinder and flat ring clamp having a concentric circular aperture of 
1.61 sq. cm. (0.25 sq. in.) in area shall be used. 

NotE.—Results obtained with apertures of different areas are not directly pro- 


portional to the areas of the apertures. The proportionality factor must be deter- 
mined by experiment. . 


33. The specimens shall be not less than 3.5 cm. (1.36 in.) nor Specimen. 
more than 5.1 cm. (2.0 in.) in width cut from the. original samples, 
taken according to Section 2 (a) and shall be as long as the width of 
the original roll of paper. If the specimens are selected from pads 
of tape they shall be not less than 2.1 cm. (0.81 in.) nor more than 
5.1 cm. (2.0 in.) wide and at least 30 cm. (12 in.) long. There shall 
be as many specimens as there are original samples. 

34. The fixed cylinder shall be placed on a rigid support so that Procedure. 
its sides are vertical. Ethylene glycol shall be placed in it to a depth 
of 12.7 cm. (5in.). The specimen (one thickness only) shall be secured 
tightly under the clamp on the movable cylinder completely covering 
the aperture. The movable cylinder is then floated on the ethylene 
glycol. The time required for the displacement of a certain amount 
of air is noted with a stop-watch. If possible, the amount of air 
displaced should be such that the time of displacement is not less 
than 20 seconds. ‘The apparatus with its content of ethylene glycol 
shall be at the temperature of the conditioning room when the readings 
are taken. ‘The time in seconds required for the displacement of 
100 cc. (6.1 cu. in.) through a circular area (one side only) of 6.44 
sq. cm. (1 sq. in.) of the paper is known as the air resistance of the 
paper. 

Note.—The clamp shall be tested for leakage by substituting a piece of tin 
foil 0.05 mm. (0.002 in.) in thickness for the paper and testing in the manner 
described above. When so tested, the leakage shall not exceed the rate of 50 cc. 
in five hours. 


The proper procedure for clamping the specimen or tinfoil is to 
turn both knurled nuts down onto the clamp simultaneously. If 
only one nut at a time is turned down, the clamp will not fit flat on 
the specimen and will consequently have an avoidable leak. 

Ethylene glycol is used in preference to distilled water because 
it does not corrode aluminum whereas distilled water does. 

35. The report shall include (1) the number of seconds required Report. 
for the displacement of 100 cc. (6.1 cu. in.) of air; (2) the area of 
paper through which the air was displaced; (3) the thickness of the 
paper as obtained under Section 11 and (4) the room temperature. 


Apparatus. 


Specimen. 


Procedure. 


Report. 
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36. A suitable crucible such as platinum, nickel or porcelain, 
a balance sensitive to 0.1 mg., and a desiccator are necessary for the 
test. ; 

37. Not less than 2 g. of dry, finely-divided paper from the 
“moisture determination” sample as obtained in accordance with 
Section 6 shall be used. 

38. The sample shall be transferred rapidly from the weighing 
bottle containing the dried sample into the crucible. The weighing 
bottle shall immediately be re-stoppered and re-weighed, and the exact 
weight of the sample obtained by taking the difference in weights of 
the weighing bottle and the sample. The sample shall be completely 
ignited in the crucible; preferably in a muffle furnace, all precautions 
being taken to prevent loss of ash or sample. ‘The residue of incom- 
bustible mineral matter (ash) shall be desiccated, cooled and weighed, 
and the amount computed as a percentage of the weight of the dried 
sample. 

39. The amount of ash shall be reported as a percentage of the 
weight of the dry sample (see Section 7 (a) ) and also as a percentage 
of the weight of the undried sample (see Section 7 (0) ). 


TENTATIVE METHODS OF TESTING LAMINATED SHEET 
INSULATING MATERIALS! 


Serial Designation: D 229-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to annual revision. 


IssuED, 1925 


1. These tests apply to laminated flat sheet materials intended for 
use as electrical insulation.? 
2. In referring to the cutting of the specimens and the application 
of the load, the following definitions apply: 
Flatwise-—Load applied to the face of the laminations. 
Edgewise.—Load applied to the edge of the laminations. 
Lengthwise.—In the direction of the length of the sheet. 
Crosswise.—In the direction at right angles to the length of 
the sheet. 


Note.—When the sheet has the same length and width, one dimension shall 
arbitrarily be designated as the length, and the other as the width. 


I. TENSILE STRENGTH 


3. Any standard type of testing machine may be used. The 
machine shall be accurate to within 1 per cent on the lowest load for 
which it is used. Jaws which tighten under load, such as wedge grip 
jaws, shall be used with the specimen properly aligned. 

4. Tension test specimens shall conform to the dimensions shown 
in Fig.1. The surfaces of the specimen shall be smooth and free from 
scratches. 

5. Five specimens cut lengthwise and five specimens cut crosswise 
of the sheet shall be tested. 

6. All tests shall be made at normal room temperature of about 
207°C. (68° ) 

7. The cross-head speed of the testing machine shall be such that 
the beam of the machine can be kept balanced, but shall not exceed 
0.05 in. per minute when the machine is running idle. 

1 Criticisms of these Tentative Methods are solicited and should be directed to Mr. H. S. Vassar, 
Secretary of Committee D-9 on Electrical Insulating Materials, Twenty-first St. and Clinton Ave., 
eres oe aydting strength, compressive strength, moisture absorption, oil absorption and degree 


of curing are being studied by the committee. Various mechanical tests, particularly applicable to 
thin laminated sheet materials, are being developed. 
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8. When it is desired to obtain the modulus of elasticity, a suitable 
extensometer measuring the elongation on a 2-in. gage length shall be 
used. The cross-head speed of the testing machine shall not exceed 
0.03 in. per minute when the machine is running idle. 

9. Strain readings shall be taken by increments of load not 
exceeding about 1000 lb. per sq. in. ‘The modulus shall be calculated 
from the total change of length between zero load and stress of 5000 
Ib. per sq. in. 

Note.—For some materials the stress strain curve will not form a straight line, 
but will be a continuous curve from the origin to the breaking load. 


gonneec ene meen tec ane senceeeeeeees Abqut [PB --------n-ne--nnenne nese ee nes eed 
K i noose ~ 2.250"----->| ‘ 


When C islessthangin, Ais Lin, B is Zin. 


When C Js over xin. ,or over, Aislin., Bis Ig in. 


Fic. 1.—Tension Test Specimen for Laminated Sheet Insulating Materials. 


10. The report shall include: 


(a) The direction in which the specimen was taken, whether 
lengthwise or crosswise of the sheet. 

(b) The thickness and width of each specimen in inches or 

centimeters. . 

(c) The breaking load of each specimen, in pounds or kilo- 
grams. 

(d) The tensile strength of each specimen, in pounds per 
square inch or in kilograms per square centimeter. 

(e) The location and nature of the fracture. 

(f) The modulus of elasticity, if determined. 

(zg) The room temperature. 
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II. TRANSVERSE, STRENGTH 
(A) For Materials 4 in. Thick or Over 


11. (a) Any standard type of testing machine may be used. The 
machine shall have an accuracy of at least 1 per cent of the lowest load 
for which it is used. 

(b) The distance between points of support shall be 4 in. for 
specimens § in. in thickness and proportionately longer for greater 
thicknesses. ‘The supports shall have the contact edges rounded to 
a radius of $ in. The load shall be applied midway between the 
supports by a pressure piece, the bearing edge of which shall be 
rounded to a radius of $ in. 

12. The test specimen shall be 5 in. in length, $ in. in width and 
4 in. in thickness, for sheets 4 in. in thickness, and for thicker sheets it 


shall be the full thickness of the sheet with width and length increased 


in proportion. 
13. The specimens shall be tested as follows: 
(a) Five specimens cut lengthwise of sheet, tested flatwise. 
(b) Five specimens cut lengthwise of sheet, tested edgewise. 
(c) Five specimens cut crosswise of sheet, tested flatwise. 
(d) Five specimens cut crosswise of sheet, tested edgewise. 


14. All tests shall be made at normal room temperature of about 
207 168" E). 

15. The cross-head speed of the testing machine shall be such that 
the beam of the machine can be kept balanced, but shall not exceed 
0.05 in. per minute when the machine is running idle. 

16. The deflection at the center in inches or millimeters shall be 
taken at a beam load corresponding to a calculated maximum fiber 
stress of 10,000 lb. per sq. in. (705 kg. per sq. cm.). 

17. The report shall include: 

(a) The directions of cutting and loading of the specimen as 

specified in Section 13. 

(b) The thickness and width of each specimen in inches or 
millimeters. 

(c) The breaking load of each specimen in pounds or kilo- 
grams. 

(d) The maximum fiber stress in pounds per square inch or 
kilograms per square centimeter calculated from the 
formula: 

oes Pl 
2 bd? 


1A method of test for thinner materials is being considered. 
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where S = maximum fiber stress. 
P = breaking load in pounds or kilograms; 
1 = distance between supports in inches or centi- 
meters; 
b = width of specimen in inches or centimeters; 
d = depth of specimen in inches or centimeters. 

(e) The room temperature. 

(f) The deflection at the center in inches or millimeters at a. 
beam load corresponding to a calculated maximum 
fiber stress of 10,000 lb. per sq. in. (705 kg. per sq. 
cm.), if determined. 


II. DIELECTRIC STRENGTH 


18. The dielectric strength shall be determined in accordance with 
the Tentative Methods of Testing Sheet and Tape Insulating Materials 
for Dielectric Strength (Serial Designation: D 149-24 T) of the 
American Society for Testing Materials. 


IV. PHASE DIFFERENCE (POWER FACTOR) AND DIELECTRIC 
CONSTANT AT RADIO FREQUENCIES 
19, The phase difference and dielectric constant shall be deter- 
mined in accordance with the Tentative Methods of Testing Electrical 
Insulating Materials for Phase Difference (Power Factor) and Dielec- 
tric Constant at Radio Frequencies (Serial Designation: D 150-23 
T) of the American Society for Testing Materials. 


1See p. 650. 
2See p. 657. 


TENTATIVE SPECIFICATIONS 
FOR 


WOODEN BOXES, NAILED AND LOCK-CORNER 
CONSTRUCTION, FOR THE SHIPMENT 
- OF CANNED FOODS:! 


Serial Designation: D 44 — 20 T. 


This is a Tentative Standard only, published for the purpose of eliciting 
criticism and suggestions. It is not a Standard of the Society and until its 
adoption as Standard it is subject to revision. 


IssuED, 1917; REVISED, 1920. 


Wooden boxes of nailed and lock-corner construction for 
the shipment of canned foods shall comply with the Tentative 
General Specifications for Wooden Boxes, Nailed and Lock- 
Corner Construction (Serial Designation: D 68 —- 22 T) of the 
American Society for Testing Materials,2 except as otherwise 
provided in the following table: 


Minimum Thickness | Maximum 
of Material, in. Gross to , : 
j Type of ; Weight Permissible Variations in Inside 
Commodity. Box Con- of Box and Dimensions of Boxes. 
struction. | fds. | Sides.2| Lop and | Contents, 
ugh d) Rides Bottom.’ Ib. 
3 5 5 5 
Canned Toods_ in Nailed 8 | 16 16 90 rs 
Metal Cans (Fish, Inside dimensions of boxes shall 
Meats, Fruits, is Ve 5 50 not exceed the exact length and 
Vegetables and Hacks width of contents by more than 
Other Foods) Conc - Ts ie 50 i in., nor the exact depth of 
5 5 5 contents by more than } in. 
See Lore Le A 


Note 1.—The thicknesses specified apply to boxes of Group I, II and III woods. 


When woods in Group IV are used the thicknesses may be jg in. less than those specified. 
Note 2.—When one-piece sides and two-piece tops and bottoms of woods of Groups I 
and II are used, material may be aly in. thinner than specified. When rotary-cut gum 
lumber is used in one-piece sides and tops and not more than two-piece bottoms, the thick- 
ness may be 7g in. less than specified for woods of Group III, minimum thickness } in. 


1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. 
C. A. Plaskett, Secretary of Committee D-10 on Shipping Containers, Forest Products Labora- 
tory, Madison, Wis. 
“2 See p. 704. 
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TENTATIVE SPECIFICATIONS 
FOR 


CANNED FOODS BOXES, WIREBOUND 
CONSTRUCTION! 


Serial Designation: D 45-17 T. 


This is a Tentative Standard only, published for the purpose of eliciting 
criticism and suggestions. It is not a Standard of the Society and until its 
adoption as Standard it is subject to revision. 


IssuED, 1917. 


I. MANUFACTURE. 

1. Boxes shall be well manufactured from sound (free from 
decay or dote), well-seasoned veneer and cleat lumber. Kiln 
drying by excessively high temperatures or low humidities or 
below 6 per cent moisture shall be avoided. Veneer shall be 
free from knot holes, loose or rotten knots greater than 1 in. 
in diameter. Cleats shall be free from knots and from excessive 
cross grain. No knots will be permitted which will interfere 
with proper nailing or stapling. Each side, top, and end shall 
be of a single piece of veneer; the bottoms shall consist of not 
more than two pieces, no piece less than 4 in. in width. 

2. Boxes for two dozen No. 2%, two dozen No. 3, and two 
dozen extra size No. 3 cans shall be constructed as follows: 

(a) fees, —FEach end shall be cleated with four cleats not 
less than 38 by #4 in., or any other size cleats that have equally 
large cross- a batty One en of each cleat shall be provided 
with a tenon 3 in. thick and 7@ in. long and the other end with 
the corresponding mortise. Gleats may be made of any of the 
following species of wood: 


Red gum Oak 

Black gum Sycamore 
Maple Ash 

Birch Hickory 
Beech Hackberry 
Tupelo Yellow pine 
Elm 


1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. | 
C. A. Plaskett, Secretary of Committee D-10 on Shipping Containers, Forest Products Labora- 
tory, Madison, Wis. 
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(b) The sides, top, bottom and ends shall be of 4-in. gum! 
veneer. The box shall be bound with four equally spaced No. 16- 
gage 0.0625-in. diameter, basic annealed wires. End wires 
shall be attached to cleats with No. 16-gage by 14-in. bright, soft 
bessemer staples. driven through the veneer into the center of the 
. width of the cleats. Six staples shall be driven into each top 
and bottom cleat and four into each side cleat. Interior wires 
shall be attached to the veneer by No. 18-gage, bright, soft 
bessemer staples driven through and clinched; six staples con- 
necting each wire to top and bottom and four to each side. 

(c) The ends shall be attached to each side cleat by four No. 
18-gage by }3-in. staples equally speed, driven into the center 
of the cleat and at an angle of 45 to 60 deg. with the grain of 
the end; or by four nails $-in. by 15-gage by 4-in. head, driven into 
the center of the cleat and equally spaced. 

3. Boxes for two dozen No. 1, four dozen No. 1, and two 
dozen No. 2 cans shall be constructed as follows: 

These boxes shall be the same as those for No. 3 cans, 
except that wires shall be stapled to the tops and bottoms with 
four staples to each wire and to the sides with three staples to 
each wire. 


1 Specifications for boxes of other kinds of veneer and with cleats of other species than 
those listed have been withheld pending tests. 
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TENTATIVE GENERAL SPECIFICATIONS 
FOR 


WOODEN BOXES, NAILED AND LOCK-CORNER 
CONSTRUCTION! 


Serial Designation: D 68-22 T 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. 


ISSUED, 1920; REVISED, 1922 


1. These specifications are intended to apply to wooden boxes 
of nailed and lock-corner construction, and are directly applicable 
to the styles of boxes illustrated in Fig. 1. 


I. MATERIAL 


2. The parts shall be made from thoroughly seasoned lumber. 
Under average conditions, thoroughly seasoned lumber has a moisture 
content of 12 to 18 per cent of the weight of the wood after oven drying 
to a constant weight. 

3. All defects? in the lumber that materially lessen the strength 
of the part, expose the contents to damage, or interfere with the 
prescribed nailing, shall be eliminated. 

4. Ends, sides, tops, bottoms and other parts of a box shall be 
well manufactured and cut true to size. 


II. GROUPING OF WOODS 


5. The principal woods used for boxes are classed for the purpose 
of specifications into four groups, as follows: 


Group I 
White pine Willow 
Norway pine Noble fir 
Aspen (Popple) Magnolia 
Spruce Buckeye 
Western (yellow) pine . White fir 


1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. C. A. 
Plaskett, Secretary of Committee D-10 on Shipping Containers, Forest Products Laboratory, Madi- 
son, Wis. 

2 The committee recognizes that the limitations on defects are not sufficiently definitive. This 
phase is being made the subject of careful study with the object of recommending more definite require- 
ments. 
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Cottonwood Cedar 
Yellow poplar Redwood 
Balsam fir Butternut 
Chestnut Cucumber 
Sugar pine Alpine fir 
Cypress Lodgepole pine 
Basswood Jack pine 
Group II. 
Southern yellow pine Douglas fir 
Hemlock Larch (Tamarack) 
North Carolina pine 
Group III. 
White elm Black ash 
Red gum Black gum 
Sycamore Tupelo 
Pumpkin ash Maple, soft or silver 
Group IV. 
Hard maple Birch 
Beech Rock elm 
Oak White ash 
Hackberry Hickory 


III. DIMENSIONS OF PARTS. 
6. (a) The thicknesses called for in specifications for boxes of Thickness of 
any given commodity will, unless otherwise specified, be understood Ptts: 
as applying to woods of Groups I and II. 
(0) When the thicknesses of material in the following table are 
specified (for Groups I and II woods), woods of Groups III and IV 
may be used with the following permissible reduction in thickness: 


ALLOWABLE REDUCTION IN 


SPECIFIED THICKNESS OF : THICKNESS FOR 
Parts (Groups I anp II). Groups III anp IV. 
PEED ee ITh. GLa erate ea eee eae BAT ERO elu tele ses eohe woe alo tee 7; in. 
Sete! to 1 lis cinch. |. ae ay ee Oe eG PAI ws Pls ghee oh + in. 

Ripe 2uith,, WiC Leak se ae eee MAL cs ce ee + in. 


7. The occasional variation below the thickness of parts specified Occasional 
in Section 6 shall not exceed one-eighth of the thickness of the part. Variation in 


“ : : s Thickness 
8. (a) The maximum number of pieces allowed in any side, top, of Parts. 
bottom or end of a box shall be as follows: Number of 
Maximum Numpsr Pieces. 
WIDTH OF PART. OF PIECES. 
APLTS ATH CETICICE Te brates eee es iid la. SU, eS 1 
PtereANLOs fils UIC nce Se Teena ates ean ie oS otile fs Shee y aeds 2 
Smmmeretes: 1 (k 10h. INCL fate eM OM OBR icc ala ahah cab aeahn seers 3 


Over 10 in. shall average not more than one piece for each 3 in. of width and 
no piece shall be less than 23 in. in width. Boards matched and fastened as 
provided in the following section may be not less than 13 in. in width at either end. 


my 


xes, Nailed and Lock-Corner Construction. 


Fic. 1.—Styles of Wooden Bo 
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(6) Two or more pieces 3 in. or over in thickness, fastened as 
follows shall be considered one piece in sides, tops and bottoms: 
butt-jointed or matched and fastened with two or more corrugated 
fasteners 1% in. in length and of sufficient width to penetrate approxi- 
mately three-fourths the thickness of the material. 


IV. MANUFACTURE OF BOXES. 

9. The outside surface of boxes shall be sufficiently smooth to Surfacing of 
permit of legible marking. When surfacing of boards two sides is 2°*¢* 
necessary for the protection of the commodities in transportation, 
the material may be #5 in. thinner than the minimum specified. 

10. (2) Ends Z in. or less in thickness, if made of two or more Joining. 
pieces, shall be: (1) butt-jointed or matched, and fastened with two 
or more corrugated fasteners; or (2) cleated. 

(b) The sizes of Potente fasteners used shall be as follows: 


THICKNESS OF END, IN. SIZE OF FASTENER, IN. 
3 1 
Biotatet ni! eiameteilen seemet s\tekcs sm eircut Varies fal te ee aes ial ‘or chlavatlel et ao) ahs 'eilk pe Bue (eile a tere a by 14 
9 
16) 2 and SHO. cuts) Catach adios Btsedald 3 SaetAntiar Ale cnn EAU R mC aera aire a emer 3 by 1} 
1 3 1 
» 16 and PIC dey vol Sr gar Au ideas St deh Pio HBAS ne Begeleline REM I aR Se Re a i a by 14 
7 5 ct 
ee ee ey a te a ee ag 2 by 14 


(c) The number of fasteners used shall be as follows: 


NUMBER OF 


LENGTH OF END. FASTENERS. 
Dugas fonts Wipe ty wlohe oi RINE bs) 0 Ne Fl aa A re a Pe 2 
CPP LURO Ore Sib ed CU Li be Np eee og er Pees oS EIS 3 

NE TSENG lS Al 2 he Oka a ee ae 4 


(d) When three or more fasteners are required, they shall be driven 
alternately from opposite sides of the end. 
(e) Two or more pieces Linderman jointed shall be considered one 
piece. 
Schedule of Nailing. 
11. (a) All nails, except as specified in Paragraph (6), shall be Kind of Nails. 


standard cement-coated box nails of the following length and gage 
(Washburn and Moen or American Steel and Wire Co. gage): 


S1zE oF NAILS, 


‘* PENNY.” LENGTH. GAGE No. 
920 TOES SEPP MRC ONT CH, RECs gl CNV Salah) te ON Re ener 1, in. 16 
ho, EE INI ee ai ee LOR kl i) la Wi Dae ae 13“ 154 
rR Seiki Le id She, ee OE ae ROMs Cea dhs. ey 13“ 14 
“yet a a Me RAP se Sup al i tar fou hn ogg 1g “ 184 
a2 4 ee RO A Re oS Ad de ie 2 2 Se a aust 13 
TRE RAR AL RPO ED Se ease ORE) stag C5 24“ 124 
Se Mae hd, Gls. Pht sage Ube Seda ats 23 “ 114 


Size of Nails. 


Spacing and 
Number of 
Nails. 
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(b) If other than cement-coated nails are used, 25 per cent more 
nails shall be driven than specified for cement-coated nails. Plain 
nails driven through and clinched may be used for cleating. 

12. The size of nails to be used is determined by the species and 
thickness of the material in which the points of the nails are held, and 
shall be in accordance with the following table: 


SIZE OF CEMENT-COATED NAILS FOR DIFFERENT SPECIES AND THICKNESS 
OF MATERIAL. 


(The sizes of nails are given in “penny”’.) 


Thickness of Ends or Cleate to Which Sides, Thickness of Sides to 
Tops and Bottoms are Nailed, in. Which Top and Bottom 
are Nailed, in. 
Species of Wood 

Holding Nails. 3 i Less 3 4 

or is $ is 3 or #3 qt than to to 

less 4 $ is q 
Group lwOOds ssi. oc s tiles 4 5 5 6 7 8 8 9 4 6 7 
Group II-woods............. 4 4 5 5 6 7 7 8 4 5 6 
Group III woods............ 3 4 4 5 5 6 7 a 3 4 5 
Group LY twoods:s502.. 2a esc: 3 3 4 4 4 5 6 z 3 4 5 


Norr.—If the designated penny of nail is not available, the next lower penny shall be used, and the nails spaced 
proportionately closer. 
13. (a) The spacing of nails holding the side, top or bottom to 


the ends of a box shall be as follows: 
SPACE WHEN DRIVEN INTO 


SIZE oF NAILS, SIDE GRAIN END GRAIN 
‘‘ PENNY.” OF END. OF END. 
Gor Tess yes Me ae ean eA a me oe eee 2a 12 in. 
TPO AS Te ED LIANE EONS OTe eT ee OE 23 “ PYAG » 
Be hace ae ficad Prete huellahdw le ith ce PRD: oUt Ok Cee Caen 3 ff 2h yf 
be BN et Res NATO «NS: OU AA ey Sie MR nee eS Bee oA Wes 24 #5 
AOR och Re eon ok oe hee Bint DF a 


(In order to ascertain the number of nails to be used, divide the width of the 
side, top or bottom (or length of cleat) by the spacing specified for the size of nails 
to be used. Fractions in the result greater than 4 if the points of nails are to be 
held in the end grain, and greater than 34 if the points of nails are to be held in the 
side grain, will be considered as a whole: number.) 


(b) When side nailing is used the spacing of nails holding top and 
bottom to sides shall be 6 to 8 in. When the material in the sides is 
less than 4 in. in thickness, side nails shall not be used, unless otherwise 
specified. 

(c) No boards shall have less than two nails at each nailing end, 
except boards less than 23 in. in width, which are butt-jointed or 
matched and fastened with corrugated fasteners as specified in Section 
8 (b) may have only one nail. When cleats of the thickness of 
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the ends are used, the nails shall be driven in the ends and cleats 
alternately. 

(d) When box ends are cleated, the spacing of nails holding cleats 
and ends together shall be the same as the spacing of the nails holding 
the adjacent side, top, or bottom to the end. Each piece of the end 
shall be nailed to each cleat with not less than two nails, except that 
end boards less than 25 in. in width which are butt-jointed or matched 
and fastened with corrugated fasteners as provided for in Section 8 (6) 
may have only one nail. 


3000 


ip) 


Strength of One Unannealed Strap, lb. 


a 

(nd Rati eal aaa oi 

ce ae ae 0 200 400 600 800 1000 
Width of Strap, in. Gross Weight of Box and Contents, Ib. 


Fic. 2.—Chart for Determining Size of Strap. 


(e) Nails attaching cleats to ends shall be of sufficient length to 
_ penetrate both thicknesses of lumber and allow for clinching. Either 
cement-coated or plain nails may be used. 

(f) When cleats are thicker than the ends, nails shall be 
driven through the end boards into the cleats and clinched. 


14. Nails shall be driven flush. Driving of 


Nails. 
(Over-driving of nails materially weakens the container.) 


V. STRAPPING OF BOXES. 


15. When boxes are specified to be strapped with flat metal strapping. 
straps, either (1) unannealed straps without. nails or (2) annealed or 
unannealed straps nailed on, shall be used, subject to the following 
requirements: 
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(a) When the straps are nailed on, they shall be placed around 
the ends of the box and held in position by the same size nails spaced 
twice the distance specified for holding the box parts together. 

(b) Metal fasteners used to hold the ends of nailless straps together 
shall have not less than 75 per cent of the tensile strength of the strap. 

(c) All straps shall be drawn tight so as to sink into the corners of 
the box. 

(d) When two or three nailless straps are used, one shall be placed 
approximately one-sixth of the length of the box from each end. 

(e) Fig. 2 gives the size of straps to be used on various gross 
weights of boxes. Starting with the weight of box and contents, move 
directly upward to the curve for the number of straps decided upon; 
then move to the left to an intersection with the line representing the 
thickness of straps to be used. ‘The first vertical line at or beyond 
this point of intersection represents the width of strap required; 
or, move to the left, as above, to the vertical line representing the 
width of strap decided upon and the first diagonal line above this 
point of intersection represent the thickness of strap required. 

(f) Material wider than # in. or thicker than 0.023 in. is not 
ordinarily used for nailless strapping. 


Thickness of 16. The thicknesses specified for sides, tops, and bottoms of 
rink unstrapped nailed boxes may be reduced to the thickness indicated 
Boxes. below, when metal straps are used: 


THICKNESS OF SIDES, TOPS, AND 


BotTToMs OF STRAPPED BOXES, IN. 
SPECIFIED THICKNESS OF 


SIDES, Tops, AND BOTTOMS OF Two or MorE 
UNSTRAPPED BOXES, IN. ONE STRAP. STRAPS. 
xe 5 1 
Breer eesrevrecevre ses ce vovesree sere rere esse revs soes 8 2 
13 5 1 
T6es sete eevee ee eee ere eee err ere ere es vere ee sevee 8 2 
5 24 3 
Ry [o86 aslo io al foi fel Mane fa 1e @) elie) Pete tS. ohio Ge fet WB lal a ste) (oe: al leirei(S tala ie te ay mt taliep ena 2 8 
a ne 5. 
DG © oe fe) 6 js ee) we lei cove clef & wie 6 8 wie Bibl bile 0! ae 9) 6 0) beh © oles 0 0 5 6 8 16 16 
a 3 abs 
Bie eee laile.e) oy ayia Cy 6 eine, 0: le tere 0°) e) oi einai) @ Mable netes af lel a7 0 al eli Mellel ws Publis, ole) 8 16 

hai 48 5 

16 S66 Rel eke jie © 0° ela (od € 0: @\e. tw leh wi wae Ske ede le U6 S ape nets, Ser ae € 016.6 oo: "eae 16 } 
3 bie 1 
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TENTATIVE GENERAL SPECIFICATIONS 
FOR 
4-ONE BOXES AND SIMILAR TYPE BOXES! 


Serial Designation: D 118-21 T 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. 


ISSUED, 1921 


1. These specifications cover three styles of 4-One and similar 
type boxes as follows: 
(a) General form. 
(0) Boxes with wedglock ends. . 
(c) Boxes with detached tops. 


GENERAL FORM. 


2. (a) The boxes knocked down shall consist of separate sections 
forming top, sides, and bottom, connected only by continuous steel 
binding wires; and of separate ends. 

(b) Each of the separate sections forming the sides, top and 
bottom shall consist of cleats, thin boards, wire and staples. 

(c) The separate sections shall be separated such a distance 
from each other that the wires shall be in tension at the corners when 
the sections are folded. 


e 


I. GROUPING OF WOODS. 
- 3. For the purposes of these specifications, box lumber shall be 
classed into four groups as follows: 


Group I, 
Alpine fir Cottonwood Redwood 
Aspen Cucumber Spruce 
Balsam fir Cypress Sugar pine 
Basswood Jack pine Western (yellow) pine 
Buckeye Lodgepole pine White fir 
Butternut Magnolia White pine 
Cedar Noble fir Willow 
Chestnut Norway pine Yellow poplar 


1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. C. A, 
Plaskett, Secretary of Committee D-10 on Shipping Containers, Forest Products Laboratory, Madi- 
- son, Wis. 
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Group II. 
Douglas fir Larch (tamarack) Virginia and Carolina 
Hemlock Southern yellow pine pine 
Group III. 
Black ash Red gum Sycamore 
Black gum Red gum sapwood (com- Tupelo 
Maple, soft or silver monly called sap gum) White Elm 
Pumpkin ash 
GroupP IV. 
Beech Hickory Oak 
Birch Maple, hard Rock elm 
Hackberry White ash 


II. MATERIALS. 
4. (a) Each cleat shall be sound, free from knots and from cross 
grain which runs across it within a distance equal to one-half its 
length. 


Outside View. 


End Pieces. Inside View. 


Fic. 1. 


(6) Cleats shall be not less than ¢ in. thick (parallel to the 
length of the box) and not less than in. in width. , 

5. (a) The thin boards shall be sound (free from decay and dote), 
well seasoned and cut so that adjacent faces of boxes will be at right 
angles to each other. All defects that would materially lessen the 
strength, expose the contents of the box to damage, or interfere with 
the proper assembly of the box shall be eliminated. 

(b) When the thickness of thin boards as specified is less than 
7s In., thin boards made of woods of Groups III and IV may be 
zz in. less than the specified thickness, except that the minimum thick- 
ness of thin boards of any kind of wood shall be ¢ in. 

(c) The variation in thickness of thin boards below the thickness 
specified shall be not more than % of the thickness of the thin board 
and this variation below the specified thickness shall not extend over 
more than 10 per cent of the face of that particular board. 


{ 
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(d) Thin boards less than 24% in. in width at either end shall not 
be used. 
6. The-binding wires shall be annealed steel wire of not less than Binding 


No. 16 gage. Wie 
7. (a) The staples on end wires shall be not less than No. 16 gage Staples. 
by 1% in. long. 


(b) Staples on intermediate wires shall be not less than No. 18 
gage by 7% in. long. 


Ill. ASSEMBLING. 


8. (a) The staples on end wires shall be driven home astride the Driving of 
binding wires, through the thin boards into the cleats, and anchored S#Ples- 
in the cleats. . | 

(6) The staples on intermediate wires shall be driven astride the 
_binding wires, through the thin boards and firmly clinched. 

(c) The space between staples shall be the average distance 
between centers of staples astride each binding wire in each section 
and this space shall be not more than 2% in. except as specified in 
Paragraph (d). 

(d@) When cleats are made of woods of Groups III and IV, the 
space between staples may be { in. greater than that specified. 

(e) There shall be not less than two staples driven astride each 
wire and into each thin board. 

(f) The staples nearest the corners shall be not more than 
13 in. from the corner to which it is adjacent. 

) 9. Each end of the box shall be securely fastened on ple inside of Fastening of 
the side cleats with staples not less than No. 16 gage by 32 in. long, #™4s- 

or with cement-coated nails of not less than two-penny stb There 

shall be no space exceeding 23 in. on any side cleat into which no staple 

or nail holding the end in place has been driven and there shall be a 

staple or nail within 13 in. of each end of each side cleat. Staples or 

~ nails shall be driven home. 

10. At each corner one section shall overlap its adjacent section Box Corners. 
at right angles and the wire shall be in tension, giving a square, 
tight corner. 

11. The cover shall be closed tightly and the ends of each binding Fastening 
wire twisted tightly together. The twisted portion of each wire shall ©°v*? 
be not less than $ in. long. The rough ends of the wires shall be 
removed and the twisted portion driven flat against the side, parallel 
with the binding wire. 

12. Nothing herein contained shall be construed as prohibiting Use of 


the use of boxes constructed of thicker thin-boards, additional or sceeee 
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heavier wires, heavier cleats, longer staples, or with closer spacing of 


staples. 
BOXES WITH WEDGLOCK ENDS. 
Boxes with 13. These boxes shall consist of sides, top and bottom and one end 
Lad cee made in accordance with Sections 2 to 12, inclusive, and of one wedg- 
lock end. 
iste: Gite 14. The wedglock ends shall consist of the following: 
nds. 


(a) One or more thin boards whose thickness is not less than that 
of the thin boards in the other portions of the box and whose com- 
bined width is } in. less than the shortest distance between the top 
and bottom cleats of the box and whose length is the same as the 
inside width of the box less the width of one of the side cleats. 


| The Assembled 
Wedglock End, Wedge. Wedglock End. 


Fic. 2.—Wedglock End. 


(b) Two battens of the same thickness and width as the cleats in 
the box and whose length is ¢ in. less than the shortest distance between 
the top and bottom cleats. 

(c) One wedge of the same thickness and length as the battens 
and whose width is one-half that of the battens. 

Assembling 15. The battens shall be attached across the grain of the thin 

apeh boards, one batten its own width from one end and the other batten 
half its width from the other end of the thin-boards, with staples not 
less than No. 16 gage by 3% in. long or with nails not less than two- 
penny in size. There shall be no space exceeding 2 in. on any batten 
into which no staple or nail holding the thin-boards to the batten has 
been driven and there shall be a staple or nail within 14 in. of each 
end of each batten. Staples or nails shall be driven home. 


Note.—In making up the box, the wedglock end is left out so that the box may 
be filled from theend. Theother end of the box is fastened in place and the box made 
up as specified in Sections 9 to 11. The wedglock end is not fastened in place until 
the box is closed. 
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Boxes with wedglock ends are closed as follows: The wedglock end is inserted. 
The wedge is inserted. The batten that rests against the wedge is fastened to the 
wedge with one four-penny nail driven through the middle of the batten into the 
wedge. The other batten that rests against the cleat is fastened to that cleat with 
four-penny nails driven through the batten into the cleat. Nail centers shall be not 
more than 4 in. apart and there shall be a nail within at least 2 in. of each end of this 


batten. 


Side. Bottom. Side. Top. Top. 2 Center 2 Ends. 
Panels. 


Assembled. 


Fic. 3. 


BOXES WITH DETACHED TOPS. 


16. These boxes shall consist of sides, bottom and ends made in 
accordance with Sections 2 to 12, inclusive, and a detached top. 

17. The detached top shall consist of thin boards assembled as 
shown in Fig. 3. 

18. In assembling the box, the top cleats to which the binding 
wires have been stapled shall be put in position on the side cleats and 
the ends of each wire stapled to the cleats twisted tightly together. 

The detached top shall be nailed to the end cleats with cement- 
coated box nails spaced not more than 24 in. apart. The wires not 
stapled to the cleats shall be brought over the detached top and the 
ends of each wire twisted tightly together. 


Boxes with 
Detached 
Tops. 
Detached 
Top. 


Assembling. 


Scope. 


Material. 
Strand. 


Shape. 


Stranding. 


Density. 


Diameter 
and Area. 


TENTATIVE SPECIFICATIONS 
FOR 


INSULATED WIRE AND CABLE: 30-PER-CENT HEVEA 
RUBBER. 


Serial Designation: D 27-21 T. 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. 


ISSUED, 1916; REVISED, 1921. 


1. These specifications cover conductors, rubber insulation, 
rubber-filled cloth tape and braid. ‘The design and factor of safety 
depend upon the service conditions and shall be at the option of the 
purchaser. 


(A) CONDUCTOR. 
I. MANUFACTURE. 
2. The conductor shall be of soft annealed copper, properly tinned, 
and have the properties and characteristics herein required. 
3. Each individual wire of a stranded conductor shall be con- 
sidered separately and shall be designated as a strand. 
4. Each solid conductor and each strand shall be round and 
reasonably free from imperfections. 
5. The stranding shall be concentric and unless otherwise speci- 
fied shall conform to either Table I or Table II. 
6. For the purpose of calculating weights, cross-sections, etc., in 
conductivity determinations, the density of copper shall be taken 
as 8.89. (See Appendix.) 


II. PERMISSIBLE VARIATIONS IN DIMENSIONS. 


7. (a) Permissible VariationWhen the diameter of solid con- 
ductors and strands is specified, the permissible variation from the 
specified value shall not exceed 1 per cent under or 2 per cent over for 
wire 0.02 in. in diameter and larger, and 0.1 mil under for wire less 
than 0.02 in. in diameter. 

1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. E. H. 


Grafton, Secretary of Committee D-11 on Rubber Products, Quaker City Rubber Co., Wissinoming, 
Philadelphia, Pa. 
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TABLE I.—STANDARD STRANDING FOR CABLE. 
(AmERIcAN INSTITUTE OF ELECTRICAL ENGINEERS.) 


Size. . (See Note 1.) Number of Wires (See Note 2). 


A B 
Bare, insulated or | Insulated cables 


Sq. mm. weatherproof cables | — for other than 
for aerial use. aerial use. 
CLUE DEES Oem ye Rae ce Rs ie Re! Jee Rae 1013 91 127 
lieth. ees saith Rie DIS ENCan cr AYA aeRO Maton 4 oh, aoa 760 61 91 
IPOUMAAEM Fonrae ists dae e. beseis a odehs + eb nkastaks ¢ onan 507 61 61 
UD Fd ne A cata ril eaatAl ain dn ea Me AAI el ge lity Lit a acl Lape 304 37 61 
CUI ie ats Secale Recs She eeahe sucysrdan So Strsca b tera ere Mapas 253 37 aT 
Te NBR sce. (sin yc Sagi a EA aR MDD li Ast De ae 203 19 37 
SING) eee 5 Bead 2 Se Re ene ee Deri ce sPice. We 107 19 or 7 (See note 3) 19 
00 tts ie ia aZ AER IRIEL RL RM cream MAIL Pa irik ac latatese 67.4 ri 19 
Gp NEES” «ieee Cie ae tn 2 eRe ae yg ney PT RNs re 33.6 7 vf 
GRP RMON Cte ree ch Cac cornet ees 10.5 aN 7 


Note 1.—For intermediate sizes, use stranding for next larger size. A circular inch equals 1 000 000 circular mils. 
_ _ Norte 2.—Conductors of 0000 A.w.g. and smaller are often made solid and this table of stranding should not be 
interpreted as excluding this practice. 
oT 3.—Class A cables, sizes 0000 and 000 A.w.g., are usually made of 7 strands when bare and 19 strands when 
insulated or weather proof. 


TABLE II.—PROPOSED STANDARD STRANDING FOR CABLES.! 
(AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS.) 


Strands. 


+s Total Nominal Total 
Individual Strands. Cross-Section, | Diameter, 


: circular mils. in. 
Number and Size. (See Nete.) Heotaat Worinel 
diameter, Circular 
mils. mils. 

jC ORLTR Gc ites Ace ete ae ee ree a 128.5 16 510 2 097 000 1.671 
PENG AOpen ee ete oils aiaeis ohclegcts cnaick oudm ona 114.4 13 090 1 662 000 1.487 
ISIN Ao mrmeeeee Rs ACH tne, Sue ea aed MEE amore a 128.5 16 510 1 502 000 1.414 
USIMGS: oo geld Babe CON. ORO On ae oe oe 114.4 13 090 1 191 000 1.258 
LENO neat MEP pee Rae oc ede 4 ale iegereranett 128.5 16 510 1 007 000 aL DZ 
GUANO IS weye ser ete ee hs eho oe Ea ead 121.0 14 641 893 100 1.089 
CON OURO REINER IN ca er ON, oe Blea ca SA ae 114.4 13 090 798 500 1.030 
ON SOMERS de eh i eines eA EPP a pee 107.0 11 449 698 400 0.963 
TLIC a MI) aay ne Re Oe ee ek a es a 101.9 10 380 633 200 0.917 
Mae VOR ae Met cee ome il er PS Se ge 116.0 13 456 497 900 0.812 
SONOMA O SRE ao ae Rete ee TL, fo ae a ee 101.9 10 380 384 100 0.713 
SRO ATL Bae ee ea RE ole he ane a eens as 97.0 9 409 348 100 0.679 
AEN On bee ae tay ig cs Cte ee Ee een. Bo 90.74 8 234 304 700 0.6385 
LOMNORQaN ats. Anas a eee er a. Otte ee Pee ay: 114.4 13 090 248 700 0.572 
UD een Oey ira Ee Oe ie i ie Ee ey ot a a 107.0 11 449 217 500 0.535 
MOEN OSUligt ec nters «hice wee Held Ooo ese lee ces 90.74 8 234 156 400 0.454 
MOTTO RI Peet acy civ ale Se SA rapt eA ott) s SRL AaaiaSN OE 80.81 6 5380 124 100 0.404 
ONO POM, 0s cy oa nid wate ie Pee be ict ominous 71.96 5178 98 380 0.360 
GUNG RARE o>. ties, Shae ys ha a epee nah 2 ae ae 64.08 4107 78 030 0.320 
GENO MLOG. Sash ted laste sh aoe tee cae dean eee 101.9 10 380 72 660 0.306 
GING SULT CAS SE Re Se Ae RO EMR oe fee Rar th Sats 90.74 8 234 57 640 0.272 
NL MPN. Sk SE weap a ay, EN Ae 80.81 6 530 45 710 0.242 
TN tnt Ahad et care ce chia Sica acicpaanteeciae ass 64.08 4107 28 750 0.192 
TUNUMIDONACISS 2 5s 5 5 Sele p caret ae webne h k Be 50.82 2 583 18 080 0.152 
AEN CPE SEE eS rats Su) a A) Maat elder Gg 40.30 1 624 11 370 0.121 
NIGH EORMAE St vd ch od evs le ony od ote a 6 oe eek dae 31.96 1 022 7 154 0.096 
MANGIA MRR ay eae te cc's wiz SER ated ANS cic ak oes ee aS 43) 642.4 4 497 0.076 
ENON LEM ALT, a otk a oy, sbbe e ah ne atlas ee aie eee 20.10 404.0 2 828 0.060 


Nors.—Nominal diameters and circular mils of the individual strands are taken from Table VI, Cirewar No. 81 
of the Bureau of Standards. ; Uioaay Site 

Sizes are expressed as A.w.g. gage numbers except where diameters are given in mils. . 

1 This table is proposed by the A. I. E. E., but the following note appears at the head of the table: “This table 
soffered for consideration but will not be recommended for final adoption until ratified by other societies interested.” 
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Note.—Th:se limits differ from those in the Standard Specifications for Tinned 
Soft or Annealed Copper Wire for Rubber Insulation (Serial Designation: B 33) of 
the American Society for Testing Materials! because of the additional manipulation to 
which the wire is subjected subsequent to the stage where Specifications B 33 apply. 

When the area of cross-section of cables is specified, the per- 
missible variation shall not exceed 1 per cent under the specified value. 

(b) Method of Gaging Diameter—When wire is submitted in coils, 
each coil shall be gaged in three places, one near each end and one 
approximately at the middle. When wire is submitted on spools or 
reels, approximately 12 ft. of the wire shall be reeled off and the wire 
then gaged in six places between the second foot and the twelfth foot 
from the end. | 

(c) Calculation of Area.—The area of cross-section of wire shall 
be calculated from the average of the measurements of the diameter 
made in accordance with Paragraph (0). The area of cross-section 
of cable shall be considered to be the sum of the cross-sectional areas 
of its component wires, when laid out straight and measured per- 
pendicular to their axes. 


TABLE III.—TENSILE PROPERTIES OF CONDUCTORS. 


Maximum Minimum 
Diameter, in. Tensile Strength, Elongation in 10 in., 

Ib. per sq. in. per cent. 
O460¢0' 02 290% ibe eh Si tenes BEA Ce hr ie Sis nay NRL) ewe 36,000 30 
OP Z89P FLO 10st ie eter eh! aia tires, See aan Sen Rema fe, ba Ce 37,000 25 
OSTO2S 0 O2 Baie Sans fens ce CYS ie ne nh ere eee eS eee 38,500 20 
00205 02012 on eMC ie atv A Wl aie ae We ta en ee LD en ee 39,000 15 
OSOTES HO 00S aire Sf hora a We esa as ROE ek hie ROMS 40,000 10 


(d) Rejection.—A coil or reel shall be rejected if the average 
diameter obtained from the measurements made in accordance with 
Paragraph (0), or the area calculated in accordance with Paragraph 
(c), is not within the limits specified in Paragraph (a). 

A coil or reel shall be rejected if any individual measurement of 
diameter or of area of cross-section is not within twice the limits of 
Paragraph (a). 

III. PHYSICAL.PROPERTIES AND TESTS. 

8. (a) Each solid conductor and each strand previous to strand- 
ing shall be so drawn and annealed that after tinning it shall conform 
to the values in Table ITI. 

After stranding, the tensile strength of each strand shall not 
exceed that specified in Table III by more than 5 per cent and the 
minimum elongation in 10 in. shall not be less than that specified in 
Table III by more than 5 per cent. | 
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(b) For nominal diameters between listed sizes the requirements 
shall be those of the next larger sizes indicated in Table ITI. 

9. (a) Method of Test—Tension tests shall be made on fair 
samples and the elongation shall be determined as the permanent 
increase in length, due to the breaking of the wire in tension, measured 
between bench marks originally 10 in. apart. ‘The specimen shall break 
between the bench marks and not closer than 1 in. to either mark. 

(b) Number of Tests —Samples shall be taken in accordance with 
Section 18. | 

(c) Retests and Rejections.—If upon testing a sample from a coil, 
reel or spool of wire, the results are found to be above the stated 
value for tensile strength or below the stated value for elongation, 
tests upon two additional samples will be made and the average of 
the three tests shall determine acceptance or rejection. 

10. The conductivity of the conductors after tinning shall be not 
less than the following values: 


CONDUCTIVITY, 
DIAMETER, IN. PER CENT. 
APE NTU UL OUR tee ay ete akg gig eg al Gee sh Greta My inl aiid 0,0 gue la lata eit ae lols 97.65 
eats MCE IO URE. lh Gs MVS Dy Viele teailal's SHER WAT diale ed dalatg Wana ans 97.15 
Oran Ae Per tne eee cre PRE Ee eC ee oe 96.15 
ROMs PETE 1th eka yeaah itis ra! bs. aly Acalionsg Vials’ > « w'acdtiMatew gia aiey 94.15 
Sa Re CL oer ily rigia te aie ot he oa 's 6 ot telcs sopherareietel« 93.15 


Note.—The above values for conductivity are based on the International 
Standard for Annealed Copper Wire. (See Appendix.) 


11. (a) The continuity of the tin coating of each sample before 
stranding or insulating shall be determined by the Sodium Polysulfide 
test which shall be made in accordance with the requirements of 
Sections 4 to 10 of the Standard Specifications for Tinned Soft or 
Annealed Copper Wire for Rubber Insulation (Serial Designation: 
B 33) of the American Society for Testing Materials.} 

(b) Number of Tests—Samples shall be taken in accordance with 
Section 18. | 

(c) Retesis and Rejections.—If the specimens tested in accordance 
with Paragraph (a) shows any signs of blackening, two more specimens 
shall be tested. If one of these two additional specimens shows any 
blackening, that coil or reel shall be rejected. If both specimens are 
free from any signs of blackening, the coil or reel shall be accepted. 
If more than 10 per cent of the samples in the entire order fail, all of 
the wire shall be rejected. If 10 per cent or less of the samples in 
the entire lot fail, each coil, reel or length may be tested and accepted 
or rejected upon the results of the individual tests. 
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(B) INSULATION. 


12. (a) The insulation shall be a properly vulcanized rubber 
compound, homogeneous in character, tough, elastic and applied con- 
centrically about the conductor and shall fit tightly thereto. When 
the insulation is applied in more than one layer, adjacent layers shall 
vulcanize into a homogeneous mass. ‘Tape may be applied over the 
insulation before vulcanizing but such tape, if it does not meet the 
tape specifications given in Sections 24-27 inclusive, shall be addi- 
tional to that required. 

(b) If exigencies of manufacture require repairs or joints in the 
insulation, the work shall be done in such manner that the repaired 
part or joint, and all parts affected by it, shall be as strong and 
durable electrically, as the remainder of the insulation. 


TABLE IV.—THICKNESS OF INSULATION. 
(Thickness in sixty-fourths of an inch.) 
(American InsTiTUTE OF ELECTRICAL ENGINEERS.) 


Size of Conductor. Working Pressure, Volts Alternating. 
600 
A.w.g. or Cir. Mils. Sq. mm. ic 1,500] 2,500] 3,500} 5,000} 6,000} 7,000 | 8,000 | 9,000 | 10,000) 11,000 
ess 
‘ a 8 10 12 14 16 18 20 22 24 


: 4 
T= Q000 Tike eleressesss 42°74 - 107 5 
250,000 - 500,000C.M...| 127 - 253 6 
550,000 - 1,000,000 C.M.| 279-507 7 
1,250,000 - 2,000,000 C.M.} 633-1013 | 8 


Nove.—In multiple conductor cables, the thickness of insulation on each conductor shall be based on the highest 
r. mn. 8. voltage between the conductor and the outside of this insulation. 

The above table is based upon alternating voltages of commercial frequencies. For voltages over 600, the insu- 
lation thickness for direct-current cable has not been established. For intermediate sizes the insulation thickness 
should be the same as for the next larger sizes. 


IV. THICKNESS. 


13. (a) The thickness of the insulation shall conform to Table 
IV. 

(b) Permissible Variation.—The average thickness of the insula- 
tion shall be not less than that specified. The thickness of the insula- 
tion at the thinnest part shall be not less than 90 per cent of the 
specified thickness, but in no case shall it be more than 0.03125 (gz) 
in. less than the peon ee thickness. 

(c) Method of Measuring.—The average thickness shall be taken 
as one-half the difference between the mean of the maximum and 
minimum diameters measured at any one point, and the average 
diameter of the conductor measured at the same point. The minimum 
thickness shall be taken as the difference between a measurement 
made over the conductor plus the thinnest wall, and the diameter of 
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the conductor. (The first measurement is made by years off” the 
heavier side of the insulation.) 

The measurements may be made with any type of Mtcremeter 
reading to at least 0.001 in., which is suitable for measurements of 
this character. 

In the case of multiple-conductor cable, the measurements shall 
be made on the individual wires before being cabled. 

(d) Number of Measurements—When the lot of wire to be 
inspected consists of two coils or reels or less, at least one determina- 
tion of the thickness shall be made on each coil or reel. When the 
lot consists of more than two coils or reels and less than 20 coils or reels, 
at least one determination of the thickness shall be made on each of 
the two coils or reels taken at random. If the lot consists of 20 
coils or reels or over, at least one determination of the thickness shall 
be made on each lot of not less than 10 per cent of the total number 
of coils or reels. 

(e) Rejection.—lf the thickness of any coil or reel is found to be 
less than the prescribed value, that coil or reel shall be rejected and a 
thickness measurement on each of the remaining coils or reels shall 
be made. 


V. CHEMICAL PROPERTIES AND TESTS. 


14. (a) Composition—The insulation shall contain exclusively 
Hevea rubber which has not been previously used, waxy hydrocarbons 
consisting of ceresine or refined solid paraffin, sufficient sulfur to 
properly vulcanize, and fillers which are entirely inorganic mineral 
matter containing no red lead, carbon or bitumen. 

(b) Requirements—TJhe vulcanized compound shall conform on 
analysis to the following requirements expressed as percentages, by 
weight, of the whole sample: 


MAXIMUM. MINIMUM. 
LNTU\ STAYS Oe ws, Ah Oa RNS a Os, “a iS aa ar eng 33 30 
Vi REPO MIMONSEG se ele Sse sek ee be tee 4 
TERT STs SESW Ve OP AR ie eek eo a Pe 0.7 


Results shall be taken between the limits given in proportion to 
the percentage by weight of the rubber found. 

The limits allowed for 30-per-cent rubber compound shall be as 
follows: 


MAXIMUM. MINIMUM. 
Daponimable acetone extracts. 0 tcc eee ees 1.35 0.55 
ieneapotinableiresinsy(| 1 Po.4 Poke tet TS. 0.45 fon 
Bitorolorm extract vnc iaci sate eae fee als Zales 0.90 
Aleoholio. potash. extract. 6% cjt.e cine tees wes « 0.55 


Remi sisittir’ (SES TIOLE).<.. atk. dnc s'eeen eee caleae cae 2510 See 
POG PA VICY Aon ch Llanes fb aint ie ei vieland. a «538 wae 1.75 
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The limits allowed for 33-per-cent rubber compound shall be as 
follows: 


Maximum. MINIMUM. 
Saponifiable acetone extract.................. 1.50 0.60 
Unsaponifiable resins.......... Skt Cees aeiels 0.50 Scale 
Chioroform: extractacsia emt te a cle a hate oe ee 1.00 
Alcoholic potash extractive) cis bh seagate 0.60 
Totalisulfur’ (see iota ai ay eS teas Boca 2.30 Ba, Ne 
Specific gravity ss ncd ak tee ys. ec ee ae em ens Mier 1.67 


The acetone solution shall not fluoresce. 

The acetone extract (60 cc.) shall not be darker than a light 
straw color. 

Hydrocarbons shall be solid, waxy and not darker than a light 
brown. 

Chloroform extract (60 cc.) shall not be darker than a straw color. 

Contamination of the compound, such as by the use of impreg- 
nated tapes, will not excuse the manufacturer from conforming to 
these specifications. 

(c) The analysis of the compound shall be made in accordance 
with Sections 15 to 47, inclusive (Joint Rubber Insulation Committee’s 
Procedure) of the Standard Methods of Testing Rubber Products 
(Serial Designation: D 15) of the American Society for Testing 
Materials. | 

Note.—The limit on total sulfur may be omitted at the option of the purchaser. 

(d) Samples—Samples for chemical analysis shall be taken 
before the application of the braid and after the material has passed 
all physical and electrical tests. ‘The purchaser may take samples 
in accordance with Section 18. The purchaser shall assure himself 
that all samples are free from contamination and change due to torch 
heating. Wherever practicable, samples shall be taken at a distance 
of at least 3 ft. from the end of the wire. 

(e) Retests and Rejections —The purchaser may make a chemical 
analysis on any one of the samples selected as above to determine if 
the compound meets the requirements of Paragraph (6). Failure of 
any one sample selected shall be sufficient cause to reject the wire 
which the sample represents, except in the case of failure to meet 
the requirements of either or both free sulfur and chloroform extract 
in accordance with Paragraph (0). In case of such failure the coil 
from which the sample was taken shall be rejected and two additional 
samples taken from the remainder of the order. The remainder of 
the order shall be accepted if both samples so selected shall meet the 
requirements for free sulfur or chloroform extract in accordance with 
Paragraph (6). The entire order shall be rejected if either sample 
fails to meet the requirements. : 
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VI. PHYSICAL PROPERTIES AND TESTS. 
15. The test specimen shall have the following physical prop- 


erties: 
Tensile strength, minimum, Ib) per'sq. in... os cece ee eee es 1000 
PRG GU AMAR ten Mate 2 LIT O10 Oe Mister seas ¢, oi6 Lite 6 tae «a cieki tes ae arse 2 
Elongation, minimum stretch before rupture, in............. 2to9 


16. (a) Tension Test.—A test specimen having a length of not 
less than 6 in., marked with bench marks 2 in. apart, shall be placed 
in the jaws of a testing machine (maximum distance between jaws 
holding the test specimen, 4 in.) and stretched at the rate of 20 in. 
per minute (jaw speed) until the specimen breaks. The test specimen 
shall break between the bench marks and the tensile strength shall 
be calculated upon the area of the original sample. 

(b) Set Test—A second test specimen having a length of not less 
than 6 in., marked with bench marks 2 in. apart, shall be placed in 
the jaws of a testing machine (maximum distance between jaws hold- 
ing test specimen, 4 in.) and stretched at a rate of 20 in. per minute 
until the bench marks are 6 in. apart. After the termination of this 
stretch, the test specimen shall be released within 5 seconds and the 
set determined 1 minute after the beginning of release. 

(c) Elongation Test.—After the determination of the set in 
accordance with Paragraph (b), the same specimen shall be placed 
in the jaws of a testing machine (maximum distance between jaws 
holding test specimen, 4 in.) and stretched at the rate of 20 in. per 
minute (jaw speed) until the specimen breaks. The test specimen 
shall break between the bench marks. 

(d) Accuracy of Machine-—The testing machine shall be accurate 
within 1 per cent of the breaking load. 

(e) Jaws.—The jaws of the machine shall be of an approved 
type. 
(f) Temperature.—All physical tests shall be made at a room 
temperature of from 18 to 29.5° C. (65 to 85° F.) inclusive, and the 
test specimen shall have been kept at the room temperature not less 
than 30 minutes prior to the tests. 

17. (a) Test Specimen.—The test specimen may be the entire 
section of the insulation in the case of small wires, or in the case of a 
large wire, a segment of a section, cut with a sharp knife held tangen- 


tially to the conductor. ‘The test specimen shall be as free as possible 


from surface incisions and imperfections. 


Note.—The removal of the rubber insulation can be greatly accelerated and in 
most cases a test specimen which is an entire section can be obtained free from 


Physical 
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surface incisions and imperfections by means of metallic mercury. The mercury 
should be introduced at one end of the sample between the insulation and the tinned 
surface of the conductor, and the sample inclined on a support with the end to 
which the mercury is applied at the top. The separation of the rubber insulation 
results from the amalgamation of the tin of the conductor with the mercury. The 
amalgamation is assisted by first immersing and rubbing the tinning on the exposed 
end of the conductor in the mercury. 


(6) Buffing —lIn event of any irregularities on the surface of the 
test specimen, it shall be made smooth and of uniform thickness within 
5 per cent of the original thickness by bufhng, except when large 
strands are used, in which case the rubber sample shall be buffed 
sufficiently to remove all corrugations. 

(c) Limits—There shall be no limit to the cross-section of the 
test specimen, except as restricted by the capacity of the testing 
machine. 

(d) Calculation of Area.—Calculation of the area of the test 
specimen shall be made as follows: 

1. When the total cross section of the insulation is used, the 
area shall be calculated as the area of the circle whose diameter is the 
minimum average outside diameter of the insulation minus the area 
of the conductor. ‘The area of a stranded conductor shall be figured 
from its maximum diameter. 

2. When a slice cut from the insulation by a knife held tangent 
to the wire is used, and the slice so cut has the cross-section of a 
segment of a circle, the area shall be calculated as that of the segment 
of a circle whose diameter is that of the insulation. ‘The height of the 
segment is the wall of insulation on the side from which the slice is 
taken. (The values may be easily obtained from a table giving the 
areas of segments of a unit circle for the ratio of the height of the 
segment to the diameter of the circle. 

3. When the cross-section of the slice is not a segment of a circle, 
the area shall be calculated from a direct measurement of the volume 
or from the specific gravity and the weight of a known length of a 
uniform cross-section. 

4. When a portion of a sector of a G¥tle has to be taken where 
the conductor is Jarge and the insulation thin, the area shall be cal- 
culated as the thickness times the width. (This applies either to a 
straight test piece or one stamped out with a die, and assumes that 
corrugations have been removed by buffing.) 

5. When a portion of a sector of a circle has to be taken where 
the conductor is large and the insulation thick, the area shall be cal- 
culated as the proportional part of the area of the total cross-section. 
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18. (a) When an order calls for less than 500 ft., physical tests 
may be waived at the option of the purchaser. 

(6) When an order calls for 500 ft. or more and is made into one 
or more coils, reels or lengths, samples shall be taken from 10 per 
cent of the coils, reels or lengths, but in any case at least one sample 
shall be taken. 

19. (a) Retests—If a aateien fails to pass in one of the three 
tests prescribed in Section 15, two more specimens shall be taken 
from the same sample and the average of the results shall determine 
whether or not the sample complies with the requirements. 

(b) Rejections——When ten or more samples are selected in any 
inspection lot, all coils, reels or lengths shall be rejected if more than 
10 per cent of the samples fail. If 10 per cent or less fail, each coil, 
reel or length may be tested and shall be accepted or rejected upon the 
results of such individual test. Where the number of samples selected 
in any inspection lot is less than ten, all coils, reels or lengths shall 
be rejected if more than 20 per cent of the samples fail. If 20 per 
cent or less fail, each coil, reel or length may be tested and shall be 
accepted or rejected upon the result of individual test. 


VII. ELECTRICAL PROPERTIES AND TESTS. 

20. (a) Place.—Electrical tests on the wire and cable shall be 
made at the place of manufacture. 

(0) Requirements——Every coil, reel or length of wire, after vul- 
canization and before the application of paraffin or any covering 
other than tape used in vulcanization, shall successfully withstand 
a high voltage test as specified in Table V and shall have an insulation 
resistance test not less than that specified in Table VI. These tests 
shall be made after not less than 12 hours immersion in water, and 
while still immersed. 


TABLE V.—VALUES OF TEST POTENTIALS FOR WORKING PRESSURES UP TO 
GOORVLOLTS. 7 Ana, 
(AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS) 
TEST PRESSURE, 


Si1zg, A.w.G. OR Cir. MILs. SIZE, SQ. MM. KILOVOLTS. 
JA BRAG W Eka cera cele Cae seeiete 2.081 —- 8.366 3:0 
7-O000 Alwae t2 A eee. £4: 10..55°}=' 107.2 aa 

250 000 cir. mils and larger....... 127 and larger 4.0 


For Working Pressures ae 600 volts, A.C.—One kilovolt per ¢; in. of thickness 
(2.53 kv. per mm.) up to 4% in. (3.96 muy Above +42 in. (3.96 mm.), the test 
pressure shall be 10 Keilovolts plus 1.5 kilovolts per sy in. (3.79 a We) mm.) addi- 
tional up to $%in. (11.89 mm.). Where the insulation thickness is 4¢ in. (6.34 mm.) 
or over, this rule shall apply only to conductors over 26,000 cir. mils (13.2 sq. 
mom.) area. 
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21. The test voltage shall be applied for 5 minutes. The test 
shall be made in accordance with the Standardization Rules of the 
American Institute of Electrical Engineers. (See Appendix.) 

22. (a) Method.—The insulation resistance test shall be made in 
accordance with the Standardization Rules of the American Institute 
of Electrical Engineers and within the range of temperature given in 
Table VII. (See Appendix.) 

(b) Temperature Coefficient —The insulation resistance (megohms) 
shall be reduced to that at 15.55° C. (60° F.) by multiplying by the 


TABLE VI.—INSULATION RESISTANCE, IN MEGoOHM-MILEs AT 15.55° C. (60° F.).! 


Thickness of Insulation in sixty-fourths of an inch. 


Size of Conductor. 


2/3 ]4)]65 16) 7 { 8 | 10 | 12] 14] 16 ].18 | 20 | 22 | 24} 26 | 28 
: AWW.B oe ere yss. 16002050) 2450] 2800|3000/3200/3400|3750|4050| 4300) 4500}4700/4900| 5000) 5150/5300/5400 
SR ait 1400} 1800} 2150) 2400}2650}2850/3050|3400/3650/3950| 4150) 4350)4500/4650| 4800) 4900/5050 
if i Peres sa 1530} 1850|2150)2350}2550|2650]3050|3350/3550/3800| 3950) 4100) 4300/4400) 4550)4650 
Lg UE Mms stake ote is 1350] 1600}1850)2050| 2250} 2400} 2750}3000)3250|3400/3600/3750/3900|4050)4150)4300 
10 Ae 1150} 1350] 1600} 1800} 2000} 2150)2400)2650}2900}3100)3250)/3400/3550|3700)/3800}3900 
Sip arene is, 850 1050} 1250] 1450) 1650] 1750) 2050|2200} 2400) 2600) 2750) 2900}3050)3150)3250/3350 
nuh lar ers Poses one .. | «+ | 850}1050] 1200) 1350]1450] 1750} 1950} 2100) 2300) 2450) 2550/2700) 2800} 2900/3000 
want Unie eich ak 750} 850} 1000} 1150] 1250] 1450/1650} 1850} 2000) 2150) 2250} 2400) 2500/2600)2700 
7 Ti Neaiicn te ee Oar 650, 750) 850} 950/1050}1250) 1450) 1600) 1700) 1850) 1950)2100|2200) 2300/2400 
Ligue eee eae 600} 650} 750} 850)1000| 1150} 1350] 1450} 1600] 1750) 1850} 1950 | 2050)2150)2250 
SDN 7 Pe to eee .. |e. |. | 600} 700} 800} 950} 1050) 1200) 1350) 1500} 1600} 1700) 1800) 1900/2000 
Lt viata ie Wee 8k .. | +. [-. | 550} 650} 750) 850) 950) 1050}1250) 1350) 1500) 1600} 1700/1800 
GODIN A" yittek yhanua .. | -. | .. | 500} 600] 650) 750} 850}1000) 1150/1250) 1350/1450) 1550 
OOO eis 6 yeas: .. | .. |. | 450] 550} 600} 650} 800) 950)1050)1150) 1250/1350) 1450 
250 000 cir. mil......... .. | .. | .. | 400) 475) 575) 625) 725) 875) 1000) 1100}1200) 1275 
Bt) OOO 9 38" ge ook .. | .. | .. | 850] 425) 475) 525) 675) 775) 850} 950) 1050) 1125 
BOO. ODO) foe ae etic. .. | .. | .. | 800} 375] 400] 475) 575} 675) 750} 850) 900 
T50.009 PF OPTI, ed we fe. |e. |e. | 825) 400) 475} 525) 625) 700) 775 
LOOT OOD Boh! meen eke .. |. | -. | -. | .. | 800] 325] 400} 475) 550) 625 
12000007 a0 Le aa we ROME Re Ra ert S201" GOL HeeOE DUOs OTO 
TBODLO0D sie Faia rcbtuce Vind Avge wus ealeas dd aneeaesh by COO) 3201-4001 1275 
DpU GOO Vintec Aree ee Te CRS Raat at 4 27D] "OOOH aso] 200 
OOO OG Fer tes 2 Uke ce Aes es oo aret ett BOOl 2a) eel ean 


Nors.—For intermediate sizes, use values of next larger size. 
1 This table is based on the constant 4000 in the following formula: 


R = K logio TE where R = resistance in megohms, K = constant, D = diameter over insulation, d = dia 


’ 
meter over conductor. 


coefficient in Table VII corresponding to the temperature at which 
the test is made. 

23. Every coil, reel or length shall be rejected if it fails to comply 
with the electrical requirements herein specified. 


(C) RUBBER-FILLED CLOTH TAPE. 


24. The tape shall be made from cotton cloth having a weight 
of not less than one pound per four yards with a width of 36 in. and 
not less than 56 by 60 picks per in., and shall be thoroughly filled with 
a rubber compound. 

25. The tape shall be applied helically. The maximum width 
and minimum overlap shall conform to the values in Table VIII. 
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Ten 
TABLE VII.—TEMPERATURE COEFFICIENTS. 
Temperature. Temperature. 
Coefficient. Coefficient. 
Deg. Fahr. Deg. Cent. Deg. Fahr. Deg. Cent. 
46 7.8 0.694 61 16.1 1.026 
47 8.3 0.709 62 16.7 1.053 
48 8.9 0.729 63 17.2 1.081 
49 9.4 0.746 64 17.8 1.109 
50 10.0 0.769 65 18.3 1.138 
51 10.6 0.787 66 18.9 1.169 
52 tok 0.806 67 19.4 1.200 
os Te 0.833 68 20.0 1.231 
54 P28) 0.854 69 20.6 1.264 
55 12.8 0.877 70 21.1 1.297 
56 1323 0.900 71 yay ae? 1.331 
57 13.9 0.917 72 22.2 1.366 
58 14.4 0.9438 73 22.8 1.402 
59 15.0 0.970 74 DANS: 1,438 
60 15.6 1.000 75 23.9 1.477 


TABLE VIII.—WIDTH AND OVERLAP FOR RUBBER-FILLED 


CLoTH TAPE. 


Diameter Over Insulation, in. 


Width, 


_ Maximum, in. 


Overlap, 
Minimum, in. 


Hal BO ORL bo. 60 oOo co - PB MH 
| joo Hoo Hal bo] bole 


S 


—_ —_ — 
CS el) La 


waleo Ool~a 


Nie wie le N/R Nl 


Coles Coles Colca Colca Ko}! 


Qo] Cole pet | Hal 
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26. For intermediate diameters the requirements shall be those 
of the next smaller diameter indicated in Table VIII. 

27. Samples shall be taken in accordance with Section 18 or at 
the option of the purchaser. 


(D) BRAID. 


28. The braid shall be closely woven from cotton thread having 
not less than two plys and shall be completely impregnated with an 
insulating waterproof compound and finished with a black insulating 
compound thoroughly slicked down. 

29. The compound shall be neither injuriously affected by nor 
have injurious effect upon the braid at a temperature of 90° C. 
(194° F.). 

30. (a) The braid shall be so constructed that the tangent of the 
angle between the cotton thread and the side of the wire shall be not 


TABLE IX. 
é a “eae Minimum Closeness | Minimum Thickness 
Diameter Under Braid, in. Constant (k). of Braid (), in. 
ay SH 
0 GT reece eeeeeeeeees 6 0.018 
8. bs 
ie 6 0.020 
p Is) 20 
ei ore 7 0.020 
OAM Dee gh 255 
39 77 Hite ye Bunk Saree eke 8 0.024 
38 and wreaters 2 .dschecceeec 8 0.024 


less than 0.70. The values of the closeness constant, k, and the 
thickness of braid, #, shall be not less than those in Table IX. 
(b) The values given in Table IX shall be based upon the follow- 
ing formulae: | 
twpD 
a 
i, = 2d 


oe Vita 
jaa 


A= 


rs 
I 


in which 
A = tangent of angle between the cotton thread and the side of 
the wire; 
= thickness of braid in inches; 
= closeness constant; 
diameter of wire under braid in inches; 


ee 
I 
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= number of carriers; 

number of ends per carrier 

two times the picks per inch = number of carriers per 
inch; 

d = average diameter of single thread of cotton per inch. 


ye oR 
I 


(c) The various quantities shall be determined as follows: 


D, by a suitable micrometer after removal of the braid; 

a and b, by examination of the braid; 

p, on a 4 in. length of sample after wiping off the outside of 
the braid with chloroform; 

d, by measuring 25 per cent of the total number of threads 
with a paper micrometer having a foot 0.4 in. in diameter, 
under a pressure of 50 g. The sample of braid on which the 
average diameter is determined can be prepared by immersing a 
2 in. length of sample in chloroform in a suitable container for 
5 minutes, decanting and repeating for 1 minute, and removing 
and drying it thoroughly by pressing it between cheese cloth. 

31. Samples shall be taken in accordance with Section 18 or at 
the option of the purchaser. 


(Z) INSPECTION. 


32 (a) Inspection shall be made prior to shipment and at the 
place of manufacture. 

(b) The manufacturer shall notify the purchaser sufficiently in 
advance of the completion of the wire or cable to permit of arrange- 
ment of inspection. 

(c) The inspector representing the purchaser shall have free 
entry at all times, while work on the contract of the purchaser is 
being performed, to all parts of the manufacturer’s works which con- 
cern the manufacture of the wire ordered, except compounding room. 
The manufacturer shall afford the inspector, without charge, all reason- 
able facilities to satisfy him that the wire is being furnished in accord- 
ance with these specifications. 

(d) The purchaser at his option may make the various tests on 
samples in his own laboratory or elsewhere, but such tests shall be 
made at the expense of the purchaser. 

33. Samples of rejected material shall be preserved for two weeks 
from date of test report. In case of dissatisfaction with the results 
of test, the manufacturer may make claim for a rehearing within that 
time. Sealed duplicate samples may be retained by the manufacturer 
at his option. 


Number of 
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APPENDIX. 


EXTRACTS FROM STANDARDIZATION RULES OF THE 
AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS. 


(Ep1TI0n, 1921.) 


CONDUCTIVITY OF COPPER. 


1. The following shall be taken as normal values for standard 
annealed copper: 

(a) At a temperature of 20° C. the resistance of a wire of standard 
annealed copper 1 m. in length and of a uniform section of 1 sq. mm. 
is ss ohm = 0.017241 ohm. | 

(0) At a temperature of 20° C. the density of standard annealed 
copper is 8.89 g. per cc. 

(c) At a temperature of 20° C. the ‘‘constant mass” temperature 
coefficient of resistance of standard annealed copper, measured 
between two potential points rigidly fixed to the wire, is 0.00393 = 
1/254.45 . . . per degree Centigrade. 

(d) As a consequence, it follows from (a) and (0) that at a tem- 
perature of 20° C. the resistance of a wire of standard annealed copper 
of uniform section, 1 m. in length and weighing 1 g. is #5 X 8.89 = 
0.15328 ohm. 


HicH VoLTacEe TEST. 
(a) Frequency. 


2. The frequency of the test voltage shall not exceed 100 cycles 
per second, and should approximate as closely as possible a sine 
wave. The source of energy should be of ample capacity. 


(0) Rate of Increase of Voltage. 


3. The initially-applied voltage shall not be greater than the 
working voltage and the rate of increase shall not be over 100 per 
cent in 100 seconds. 


(c) Multiple Conductor Cables. 


4. Ifa multiple conductor cable is designed for the same operating 
voltage between conductors and sheath,-or water, as between con- 
ductors, each conductor shall be tested against the other conductors 
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connected together and to the sheath, or water. If the cable is 
designed for an operating voltage between conductors and ground 
different from that between conductors, the test between conductors 
and the sheath, or water, shall be made separately and shall be based 
on the normal operating voltage between conductors and sheath, or 
water, as prescribed for single-conductor cables. 


INSULATION RESISTANCE TEST. 
(a) Electrification. 


5. The apparent insulation resistance should be measured after 
the dielectric-strength test, measuring the leakage current after a 
one-minute electrification, with a continuous e.m.f. of from 100 to 500 
volts, the conductor being maintained negative to sheath, or water. 


(b) Multiple Conductor Cables. 


6. The insulation resistance of each conductor of a multiple- 
conductor cable shall be the insulation resistance measured from each 
conductor to all the other conductors in multiple with the sheath or 
water. 
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TENTATIVE SPECIFICATIONS 
FOR 
STEAM HOSE! i 


Serial Designation: D 54-24 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It isnot a Standard of the Society and is subject to annual revision. 


IssUED, 1921; REVISED, 1924. 


1. These specifications cover wrapped fabric steam hose suitable 
for steam connections when the steam pressure does not exceed 125 Ib. 
per sq. in. 

I. MANUFACTURE 

2. The hose shall consist of: 

(a) An inner rubber tube; 

(6b) Cotton duck reinforcement; 

(c) An outer rubber cover; 

(d) A protective covering of wire armor when specified. 

3. The inner rubber tube shall be smooth, uniform in quality and 
thickness, and free from injurious defects. 


TABLE I.—NUMBER OF PLIES 


INSIDE DIAMETER NUMBER OF 
or HOosE, IN. PLIES 

| ee TRAE Cr AT AARNE PRM UEE OAR ARAL re 4 

(bey Cs Cae bey AM Cap FONTS on 5 

Le cece a! Lie shad wb siete e bane heey cok etic Pls lt, Lice mec 6 

FG Re ak ee aR ee Lae hy ee RE ES eae e Rg T MR 8 


4. (a) The reinforcement shall consist of plies of cotton duck 
cut on the bias and applied evenly and firmly over the tube with not 
less than a $-in. lap, not sewed. The number of plies shall be as 
specified in Table J. The plies of duck shall be well frictioned on 
both sides with a rubber compound which shall firmly join the plies 
to the rubber tube and cover and to each other. 

(b) The cotton duck shall be evenly woven from high-grade 
cotton and shall be free from mechanical defects. 

1 These Tentative Specifications are in effect a revision of the Standard Specifications for Steam 
Hose. The Standard Specifications, which were last published under the Serial Designation: D 54 - 20, 
have accordingly been withdrawn. 

Criticisms of these Tentative Specifications are solicited and should be directed to Mr. E. H. 


Grafton, Secretary of Committee D-1] on Rubber Products, Quaker City Rubber Co., Wissinoming, 
Philadelphia, Pa. 


(732) 


SERIAL DESIGNATION: D 54-24 T 733 


(c) The reinforcements shall be sufficiently strong to enable 
the hose to successfully withstand the prescribed hydrostatic pressure 
test, yet at the same time be soft and pliable. 

5. The rubber cover shall be uniform in quality and thickness, 
and free from injurious defects. 

6. The wire for wire-wound hose shall be galvanized steel, half- 
round or elliptical, s in. in diameter, wound tightly around the out- 
side of the hose with a pitch of 1 in. 


II. PHYSICAL PROPERTIES AND TESTS 


7. The tests necessary to determine the physical properties 
which are prescribed in the following sections shall be made in accord- 
ance with the Standard Methods of Testing Rubber Products (Serial 
Designation: D 15) of the American Society for Testing Materials.! 

8. (a) Two samples, each 24 in. in length, shall be taken from each 
lot of 500 ft. or less of each size of long-length hose and from each lot 
of 200 pieces or less of car-heating steam hose. One of these samples 
shall be used for hydrostatic tests and the other for the physical and 
steam tests. 

(b) A portion of sufficient length shall be cut from one of the 
samples and subjected to tension, elongation and friction tests. The 
remaining portion of the sample shall be used for the steam tests. 

9. (a) In the case of hose 1 in. or less in diameter, the test speci- 
mens shall be cut longitudinally from the sample of hose; in the 
case of hose over 1 in. in diameter the test specimens shall be cut 
transversely. 

(b) The tensile strength and elongation of the tube and cover 
shall not be less than the following values: 


BEFORE AFTER 
STEAM TEST STEAM TEST 
Tensile strength of tube........ 750 lb. per sq. in. 550 1b. per sq. in. 
Tensile strength of cover...... 600 Ib. per sq. in. 450 lb. per sq. in. 
Elongation at rupture......... Qieco. O.4t, 2 in to 4 in. 


10. The adhesion between plies, between the cover and the plies, 
and between the tube and the plies shall be such that the weights 
specified below will not cause a separation at a rate greater than 1 in. 


per minute: 
WEIGHT, LB. 


BEFORE AFTER 
STEAM TEST STEAM TEST 
Hepreen plies of duckaieiciP. iat Be ek 18 1 
Between duck and tube.< si)... ce ces Jee ve | 15 12 
Between duck and COVer ie ta ealee esse sles .s 15 12 
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11. After the steam test, the tensile strength and elongation of 
the tube and cover shall not be less than the values specified in 
Section 9 (b). Furthermore, for the tube these values shall not be 
more than 50 per cent less than the values obtained before steaming 
and for the cover not more than 60 per cent less than the values 
obtained before steaming. 

12. (a) The rack steam test shall be used. The test length 
described in Section 8 (0b) shall be connected to a rack and dry satu- 
rated steam at an average pressure of 75 lb. per sq. in. +3 Ib. shall be 
allowed to pass through the hose continuously for two periods of seven 
hours each. Between the first and second periods and between the 
second period and the time of testing, the hose shall be permitted to 
rest not less than 12 nor more than 18 hours. 

(b) The hose upon examination immediately after its removal 
from the rack shall disclose no blistering of the tube or loosening of 
the tube from the fabric nor shall the inside diameter be more than 
15 per cent greater than the original diameter. 


TABLE IJ.—HyprRosTATIC TEST PRESSURES 


INSIDE DIAMETER TEST PRESSURES, 
oF HOSE, IN. LB. PER SQ. IN. 
Bee os Se EY Ne, Pee ge eee 800° 
BPs, be te ie OR ROT AGN ESS. 9 AS TERING Met, Sa 750 
Ti: SERA OL yl, SC ae. Le eee Birt Sa ce 750 
DS ad ahg se Sic e1cialegeeyelviet & FALSE, Ray 6 ol PIS Tee SARA WER Dae es ee 750 
DR a a less Td Way Bodega celiac WDB tn he’s Soak cua a te 650 
hae Oe ie rit A Mei A ARR MME So Mir 650 
Le ete Silden take eg Fo hk where! or Le ie Sumner oils ke ep a, 2a ahah anne Hen Teen ee aan 650 
Dig ld Wa ac FWLGED Ce B NUE. ata orteunthd dias Sivsutbahie’ Wiley clin ve ballet eBene ee aie iver eee oe mee 550 


13. The 24-in. section selected as described in Section 8 (a) shall 
be subjected to a hydrostatic test and shall not burst at a lower 
pressure than that specified in Table II for hose of its size. 


III. SIZES AND DIMENSIONS 

14. (a) The hose shall be in accordance with the size and length 
specified by the purchaser. 

(b) The thickness of the cover shall not be less than 7 in. The 
thickness of the tube shall not be less than $ in. 

(c) The diameters of the hose shall be in accordance with Table 
III. The inside diameter shall not vary more than + in. and the 
outside diameter not more than +,’ in. from the values given. 

IV. MARKING 

15. (a) Each 50-ft. length of hose shall have inlaid in rubber in 
three places, namely, midway between the ends and within 10 ft. of 
each end, a brand showing the name of the manufacturer, the month 
and year of manufacture, the trade name of the hose, and the legend 
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“A.S.T.M. Specifications.” In addition, each brand shall bear a serial 
number for each lot of 500 ft. or less of each size of long-length hose and 
for each lot of 200 pieces or less of car-heating steam hose, the serial 
number to begin with 1 on the first of each year and continue 
consecutively until the end of the year. Lengths shorter than 50 ft. 
shall have only one brand similar to the above at a point near the 
center of the length. The letters and figures shall be at least } in. high, 
shall stand 3 in. in relief, and shall be clear and distinct. 

(b) Serial numbers of rejected hose shall not be applied to any 
other hose during the same calendar year. 


V. INSPECTION AND REJECTION 


16. (a) The manufacturer shall notify the purchaser sufficiently 
in advance of the completion of the hose to permit of arrangement for 
inspection. ; 

TaBLE III.—DIAMETERS 


NoMINAL INSIDE NoMINAL OUTSIDE 
DIAMETER, IN. DIAMETER, IN. 
0 ag) eats Sah elle al nak al aan ne A Rae YO 1 
1 1 
aed eee ee PRN UU SMT Tad CIN ears, gL AS Ne ook Fiala Sola S tee Pee gral Bid alate te 1g 
3 1 
4 eoeeeoeeeeeeeee eevee eeeseee ee ewe ese ee ees eee es ee ee eeeeezreeveeeeeeeee 1 F 
13 

TU aRea Wad ae ee Oe einen re te oak. tog hy sulamere ue wee! dled lié 

1 ele 
Iz SC eC 2 16 

1 5 
eR ee ee te et ga cl paca) Fees + 9-9, oodles Ses Palla, oe Wie ate 

5 aT 
Eo. Son eilbn ee lec tan A vel «le ha Lg cd op Maia Pe RE 276 
DE hoe Pa) og es ts oN OE ON gk ee Ad a a 22 
eee Tee earner aas iene UMD EE Lia Le bs emg leek eb giles lane Slay 3i¢ 


(b) The manufacturer shall afford the inspector representing the 
purchaser, without charge, all reasonable facilities to satisfy him that 
the hose is being furnished in accordance with these specifications. All 
tests and inspection shall be made at the place of manufacture prior 
to shipment, unless otherwise specified, and shall be so conducted as 
not to interfere unnecessarily with the operation of the works. 

(c) The purchaser may make the tests to govern the acceptance 
or rejection of the hose in his own laboratory or elsewhere. But such 
tests shall be made within 60 days after receipt of the shipment and 
at the expense of the purchaser. ~ 

17. (a) Each length of hose which fails to meet any of the require- 
ments of these specifications shall be rejected. 

(b) In the case of failure to pass any one of the tests specified in 
Sections 9 to 13, inclusive, the entire lot of hose represented by the 
sample, or samples, subjected to these tests, shall be rejected. 

18. Samples of rejected hose shall be preserved for two weeks 
from the date of the test report. In case of dissatisfaction with the 
results of the tests, the manufacturer may make claim for a rehearing 
within that time. 
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TENTATIVE SPECIFICATIONS 
FOR 


RUBBER INSULATING TAPE}! 


Serial Designation: D 119-22 T. 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. 


ISSUED, 1921; REVISED, 1922. 


1. These specifications cover rubber insulating tape to be used 
for insulating joints in electric wires and cables. 


I. MANUFACTURE. 


2. The tape shall be a rubber compound which shall be well, 
evenly and smoothly calendered, cut to uniform width and tightly 
wound in rolls with a glazed cloth, parchment paper or a linen 


- separator interposed between adjacent layers. 


3. The separator shall be attached to and cover the outer side 
of the tape. When unwound from the original roll, it shall show no 
undue tendency to stick to the rubber. 


Il. CHEMICAL PROPERTIES AND TESTS. 


4. The tape shall be a rubber compound containing not less than 
30 per cent of the best quality Hevea rubber, not more than one per 
cent of free sulfur and not more than 4 per cent of waxy hydrocarbons. 

The remainder shall consist only of suitable dry inorganic mineral 
fillers. ‘The compound shall contain no reclaimed rubber, substitutes 
or organic matter other than herein above specified. All percentages 
shall be based on the weight of the original compound. 

5. If an analysis of the compound is made, it shall be carried out 
in accordance with Sections 15 to 47, inclusive (Joint Rubber Insulation 
Committee’s Procedure), of the Standard Methods of Testing Rubber 


1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. E. H. 
Grafton, Secretary of Committee D-11 on Rubber Products, Quaker City Rubber Co., Wissinoming, 
Philadelphia, Pa. 
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Products (Serial Sesignation: D 15) of the American Society for 
Testing Materials!, with the following exceptions: 

(a) Omit “chloroform extract” from the diagram in Fig. 1 and 
from the tabulation in Section 45. : 

(b) In place of Section 20 substitute the following: ‘Remove the 
rubber compound from the separator and cut into as thin strips as 
possible.” 

(c) Omit Sections 25 and 33. 

(d) In Section 34, substitute ‘‘acetone”’ for “chloroform” in the 
first and second lines. 

(e) In Section 38, omit “from the conductor” in the third and 
fourth lines. 

(f) In Section 46, omit ‘‘and chloroform” and substitute “ex- 
tract” for ‘extracts’ in the first sentence. Omit the second sentence. 

(g) In Section 47, omit “chloroform extract.” 


III. PHYSICAL PROPERTIES AND TESTS. 


6. (a) The tensile strength of the tape shall be not less than 
300 lb. per sq. in. 

(b) The tests shall be made with a power driven, pendulum-type 
tension testing machine; the initial distance between the jaws shall 
be 3 in. and the rate of separation of the jaws shall be 20 in. per 
minute. The width of the test specimen shall be 0.5 in. 

(c) Three specimens of each sample free from visible flaws shall 
be tested. The average result shall be taken as the tensile strength. 

(d) The temperature of the room shall be not lower than 65° F. 
(18° C.) nor higher than 90° F. (32° C.) and the samples shall have 
been kept within these temperature limits for at least 30 minutes 
previous to the time of testing. 

7. Two brass-ball sphere electrodes 2 cm. in diameter shall be 
brought so close together that the sample of tape can be just moved 
between them. ‘The tape shall withstand without puncturing the 
application of a potential of 10,000 volts (r.m.s. value) for a period 
of five minutes applied to the sphere electrodes at a frequency not 
exceeding 65 cycles per second. 

8. The tape when wrapped to a thickness of } in. and heated to 
a temperature of 150° F. (65.5° C.) for 20 minutes shall fuse into a 
homogeneous mass. 

9. One roll for each 250 rolls shall be taken at random for test. 
At least 2 ft. of the outer layers shall be removed and discarded 
before taking specimens for test. 


11924 Book of A.S.T.M. Standards. 
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IV. STANDARD WEIGHTS, DIMENSIONS AND VARIATIONS, 
10. The tape shall conform to the following requirements: 


NOMINAL MINIMUM MINIMUM 
WeicHtT Net WEIGHT LENGTH 
WipTH, THICKNESS, PER ROLL, PER 100 PER POUND, 
IN. $ IN. LB. ROLLS, LB.@ yp.° 
Tiche.atis Pointe uk ses seit teas Otel Se Teen tee 0.030 3 50 26+ 
3 6 cage) a Sere h a iientunrelaal ee tielie elle Nee Rae es 0.030 $ 50 173 
De gis hob ob nla nee 0.030 1 100 13 


“ Exclusive of core, wrapping and box. 
b Exclusive of core, wrapping, box and separator. 

11. The width shall not vary from the specified value by more 
than 3; in. The thickness shall not vary from the specified value 
by more than 0.003 in. 

12. The thickness shall be measured with a micrometer graduated 
to 0.001 in. having a circular foot, 0.24 to 0.26 in. in diameter, and 
with a pressure on the specimen of not less than 8 oz. or more than 10 
oz. Four measurements shall be made at random in a length of not 
less than 3 ft. and no measurement shall be outside the limits pre- 
scribed in Sections 10 and 11. 


V. PACKING AND MARKING. 

13. Each roll shall be wrapped in paraffined paper or metal foil 
and enclosed in a suitable box. The wrapping shall be secure and 
shall thoroughly protect the contents. 

14. Each box shall be marked with the name of the manufacturer 
or trade mark and the nominal width and weight of the tape. 


VI. INSPECTION AND REJECTION. 

15. The tape shall be tested and inspected within four weeks of 
the date of delivery. 

16. If the tape fails in any one test of those prescribed in these 
specifications, two additional specimens shall be taken and submitted 
to that test. If either of these two additional specimens fails, the 
lot of tape represented by that sample roll shall be rejected. 


TENTATIVE SPECIFICATIONS 
FOR 
TEXTILE TESTING MACHINES! 


Serial Designation: D 76-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to annual revision. 


ISSUED, 1920; REVISED, 1922, 1925. 


1. Textile testing machines shall be of the inclination balance or 
pendulum type. 

2. The maximum angle of swing of the pendulum in textile test- 
ing machines shall be 45 deg. from the vertical. 

3. The minimum diameter of drum for transferring the pull on 
the specimen to the swinging pendulum shall be 2 in. 

4. In selecting the proper capacity of a textile testing machine 
for a given sample of fabric or yarn, the maximum capacity of the 
machine shall not exceed that at which the pendulum reaches a swing 
of 45 deg. from the vertical. The minimum capacity of the machine 
when used for a given sample of fabric or yarn shall not be less than 
20 per cent of the above maximum capacity. 

5. (a) Fabric Jaws.—The clamps of textile testing Ne for 
use upon fabrics shall consist of flat metallic jaws pressing directly 
against the specimen. One gripping surface shall be hinged or 
swiveled and the other shall be rigidly connected to the frame of the 
jaw. ‘The pressure between the jaws shall be secured by any suitable 
mechanical device so constructed as to grip the fabric firmly before 
the testing load is applied and to prevent visible slippage during the 
progress of the test. 

(b) Skein Jaws.—The drums of testing machines for yarn en 
shall consist of cylindrical spools not less than 1 in. in diameter and 
not less than 1 in. in width, so supported that at least one shall turn 
freely upon its axis. 

(c) Individual Strand Jaws.—The jaws or clamps for tests upon 
individual strands of yarn shall be of the cylindrical or drum type, so 

1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr, K. B. 


Cook, Secretary of Committee D-13 on Textile Materials, United States Rubber Co., 122 Adams St., 
Newark, N. J. 
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arranged that the strands of yarn shall pass around not less than 180 
deg. circumference before being clamped or fixed in the jaw. ‘The 
length of the specimen shall be considered from center to center of 
drums. The minimum diameter of the cylinder or drum shall be $ in. 

6. The width of jaw in a direction perpendicular to the specimen 
shall in no case be less than 1 in. ‘The depth of jaw in a direction 
length-wise of the specimen shall in no case be less than 1 in. 

7. The dial pointer of textile testing machines shall be so arranged 
as to be easily adjustable to a zero reading for any weight of jaw or 
other fixture in the testing machine. ‘The dial pointer shall be so 
counter-weighted as to prevent undue fluctuations in its position due 
to backlash, whatever the dial reading may be. 

8. Textile testing machines shall be power driven or operated in 
such a manner as to produce a uniform and accurate movement of 
12 in. per minute for the pulling jaw. 

9. In calibrating textile testing machines, dead weights of accurate 
amounts shall be used, but these weights shall be applied at a speed 
of 12 in. per minute, corresponding to the standard jaw speed. The 
machine shall otherwise be arranged in an entirely similar manner to 
that used in testing fabric. 


TENTATIVE SPECIFICATIONS 
FOR 
TOLERANCES AND TEST METHODS FOR COTTON YARNS, 
SINGLE AND PLIED! 


Serial Designation: D 180-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. Itis nota Standard of the Society and is subject to annual revision 


ISSUED, 1923; REVISED, 1924, 1925. 


1. These specifications cover the tolerances and methods of 
testing for cotton yarn, both single and plied. 


TOLERANCES 
‘ I. STRENGTH 


2. The average tensile strength of each case, bale, chain ball or 
beam warp of yarn, either single or plied, as found by test shall be 
not less than the specified strength. 


II. SIZE OR YARN NUMBER 


3. The average size of each case, bale, chain ball or beam warp 
of yarn, in the singles, either carded or combed, as found by test shall 
not vary more than 3 per cent above or below the specified size. 

Example.—No. 36 carded yarn specified; tolerance would allow 34.92 to 
37.08. 

III. TWIST AND DIRECTION OF TWIST 


4. Direction of Twist——In the case of yarn, the yarn has right- 
hand twist if, when it is held vertically, the spirals or twists are seen 
to incline upward in a right-hand direction, and has left-hand twist 
when the spirals or twists are seen to incline upward in a left-hand 
direction. 

Note.—The definition as here given does not agree with the defimition of 
“direction of twist’’ of cotton sewing thread as appearing in the Tentative Specifica- 
tion of Tolerances and Test Methods for Cotton Sewing Threads (D 204-24 T) 
which definition defines ‘‘direction of twist”? in such a way that right-hand twist in 
the case of sewing thread corresponds to left-hand twist in the case of yarn, as defined 
herein. An attempt is being made to harmonize these two conceptions of ‘‘direction 
of twist.’ 

1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. K. B. Cook, 
Secretary of Committee D-13 on Textile Materials, U. S. Rubber Co., 122 Adams St., Newark, N. J. 
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5. The average twist of each case, bale, chain ball or beam warp 
of plied yarns as found by test shall not vary more than 5 per cent 
above or below that specified. 

Example.—Twist specified is 20 twists per inch; tolerance 19 to 21. 


METHODS OF TESTING 


IV. STRENGTH 

Two test methods are given, the skein test for single yarn and the single 
strand test for single and plied yarns. A Preferred and Alternative Method 
for each test is given. The Alternative Method can be used where routine 
testing is done on a large scale. The Preferred Method should always be used 
in case of dispute. 

6. Skein Test (Preferred Method).—A standard skein (120 yd.) 
shall be broken after conditioning of tubes or bobbins selected for test 
for 12 hours of of skeins for at least 3 hours in an atmosphere of 65 
per cent relative humidity, 70° F. (21° C.). An automatic power yarn 
tester of inclination balance type, the maximum capacity of which 
shall be determined in accordance with a table of machine specifica- 
tions, shall be used. ‘The drums of the testing machine shall consist of 
cylindrical spools not less than one inch in diameter and not less than 
one inch in width, so supported that at least one shall turn freely upon 
its axis. ‘The speed of the pulling jaw shall be 12 in. per minute. Any 
yarn reel having a 13-yd. perimeter may be used in preparing the skeins. 
For filing-wound yarns or yarns on cones, where the yarn is drawn 
from the top, a speed of 100 to 300 r.p.m. of reel shall be used. For 
warp-wound yarns or yarn on parallel tubes where the yarn is drawn 
from the side, a speed of 20 to 30 r.p.m. of reel shall be used. On reels 
that have only one pigtail guide, the tension shall be applied by making 
one full wrap of the yarn around the guide. On reels using two or 
more guides, the yarn shall pass straight through the guides onto the 
reel, the angles of the guides supplying the necessary tension. Judg- 
ment must be used in regard to the amount of tension required on yarns 
having little or a large amount of twist. Three tests from each of four 
bobbins from every case of yarn shall be made. 

7. Strength Yarn on Beams (Skein Test for Yarn on Beams).— 
Yarn received on beams shall be given the skein test and skeins shall 
be prepared in the following manner: Place the beam containing the 
yarn to be tested on two bearings sufficiently high from the floor so 
that the beam can be turned easily. Directly in front of the beam 
and at least 15 ft. from the beam, a small table shall be placed, the 
top of which will be approximately the same height as the top of the 
beam of yarn. On this table a standard yarn reel shall be placed 
directly in front of the beam. A small crank arm shall be attached 
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to one end of the beam shaft. Four ends of yarn, taken from the 
beam, shall be attached to the yarn reel in the regular manner, such 
as is done when testing yarn from bobbins. One operative shall turn 
the beam slowly in the proper direction so that the yarn will unwind, 
and the second operative shall turn the reel fast enough to take up the 
yarn as it comes off the beam. ‘This operation shall be continued until 
120 yd. or the desired length for testing has been taken from the beam. 
The four skeins shall then be taken from the reel and tested in the 
regular manner. If it should be necessary to test more ends, the same 
method of testing shall be followed. 


NoTE.—In using these beams after these ends have been taken off, a set of 
spools containing the same kind of yarn as is on the beam can be placed in behind 
the beam on a small creel, to fill out the number of ends that have been used for 
testing. When the ends come up on the beams that have been used for testing, the 
auxiliary spools in back of the beams can be broken out. 


8. Single Strand Test (Preferred Method).—Single strands shall 
be broken after conditioning the tubes or bobbins for 12 hours in an 
atmosphere of 65 per cent relative humidity, 70° F. (21°C.). A 
single strand tester of proper capacity with the jaws set 10 in. 
between grips and having a speed of pulling jaw of 12 in. per 
minute shall be used. The average of 4 breaks from each of 10 
bobbins shall be the average strength. 

9. Plied Yarns (Preferred Method).—Plied yarns, except standard 
tire cord, shall be subjected to the single strand break after conditioning 
for 12 hours on spools or tubes selected for test, in an atmosphere of 
65 per cent relative humidity and 70° F. (21° C.). Standard tire 
cord shall be tested under dry conditions in accordance with the Stand- 
ard Methods of Testing Cotton Fabrics (Serial Designation: D 39) 
of the American Society for Testing Materials... A single strand 
tester of proper capacity with the jaws set 10 in. between grips and 
having a speed of pulling jaw of 12 in. per minute shall be used. The 
average of 4 breaks from each of 10 spools or tubes shall be reported 
as the average strength. 

10. Skein and Single Strand (Alternate Method).—Skeins or single 
strands of yarn either single or plied, prepared in accordance with 
Sections 6, 7, 8 and 9, shall be broken under natural humidity condi- 
tions at time of test. The results thus obtained shall be reduced to a 
common basis of standard moisture regain equal to 7 per cent of the 
bone-dry weight. 

11. To determine moisture regain present in samples, the several 
skeins shall be weighed collectively, immediately after testing, under 
natural moisture conditions which obtain at the time of test. The 
skeins shall then be placed in the basket of an oven at a temperature 
"11924 Book of A.S.T.M. Standards. 
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of 105 to 110° C. (221 to 230° F.) and dried to constant weight. The 
moisture regain is then computed as the percentage of the dry weight. 

12. (a) The following formula shall then be applied, based on 
the assumption that the standard moisture regain of cotton yarns is 
7 per cent of the dry weight, that the actual percentage regain is be- 
tween the limits of 3 and 7 per cent of the dry weight and that for 
1 per cent of moisture regain there is an increase of 6 per cent in the 


tensile strength of the yarn. 
(Tensile strength from machine 


Tensile strength corrected _ reading) X 142 
to standard moisture regain 100 + (6 X actual percentage 
regain.) 


Example.—With a skein of yarn broken under natural conditions showing 
a tensile strength of 120 lb. as read from the machine dial, and which by weigh- 
ing before and after drying the skein was found to contain a moisture regain 
equal to 5 per cent of the bone-dry weight, the tensile strength corrected to a 
common basis of 7 per cent moisture regain would be: 


: 120 X 142 
Corrected tensile strength = —————————~ = 131 hb. 
100 -+ (6 X 5) 


(b) Moisture regain tests shall be made periodically during the 
hours of testing as the natural humidity conditions are found to vary. 
13. The average tensile strength shall be corrected to the specified 
size as determined in accordance with Sections 14, 15 and 16, by the 


following formula: 


4 Actual average size 
Corrected tensile strength = Actual average strength uianate UOS S 
Specified size 


V. SIZE OR YARN NUMBER 


14. The size of all standard skeins used in the skein strength test 
described in Section 6 shall be determined immediately after being 
broken. In case the single strand test is made, the standard skein 
shall be prepared for the size determination at the time of the break 
and the size determined immediately. The size of 60-yd. bundles 
prepared from beams as described in Section 7 shall be determined as 
soon as possible after conditioning and one test from each beam shall 
be reported as the average size. ‘The balance to be used in this test 
shall be accurate to 0.25 per cent of the standard size of the yarn. 
When the balance does not indicate the size directly, the yarn number 
or size may be calculated from the formula: 


Length in yards of 


J single yarn 7000 (grains in 1 lb.) 
Varo Num Deror Size) gee a AP Reine 
Weight in grains 840 (yards of No. 1 


cotton yarn per pound) 
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15. In determining the size of plied yarns, the skein shall be pre- Size of 
pared in accordance with Table I, and the size shall be determined Tce cad 
after conditioning of tubes or spools selected for test for 12 hours or of Method. 
skeins for at least 3 hours, in an atmosphere of 65 per cent relative 
humidity, and 70° F, (21° C.). Any yarn reel having a 14-yd. peri- 
meter may be used in preparing the skeins. For filling-wound yarns 
or yarn on cones, a speed of 100 to 300 r.p.m. of reel shall be used. For 
warp-wound yarns or yarn on paralle] tubes, a speed of 20 to 30 r.p.m. 
of reel shall be used. On reels that have only one pigtail guide, the 
tension shall be applied by making one full wrap of the yarn around 
the guide. On reels using two or more guides, the yarn shall pass 
straight through the guides onto the reel, the angles of the guides 
supplying the necessary tension. 


TABLE I. 

EQUIVALENT YARDS FOR CONVERSION NUMBER OF TESTS PER 
SINGLES SIZE SIZE FORMULA CASE OF YARN 

Size i 3 from each of 4 spools or 
20’s and above 60 “cn Ply size aa 
8 Size ae 3 from each of 4 spools or 

s to 20s P y size #ilae 

: Size ; 3 from each of 4 spools or 

Below 3’s 12 oon = Ply size | ane 


16. All yarns used in the alternative method of testing for strength Size of All 
(Section 10) shall be sized under natural humidity conditions at the time ree fi 
of test. Plied yarns shall be prepared in skeins in accordance with Method. 
Table I. ‘The moisture regain shall then be determined as specified in 
Section 11, and results corrected to a common basis of standard mois- 
ture regain equal to 7 per cent of the bone-dry weight by means of the 
formula: 


Size X (100 + actual percent- 
Size corrected to standard moisture _ age regain) 


regain 107 


The average of these tests shall be the average size of case, bale, 
ball chain or beam warp of yarn. 


VI. TWIST 


17. No precision method for determining the twist of single Twist of 
yarns has been developed. med 

18. The ply twist in yarns of 2 or more ply shall be determined twist of 
on any standard twist counter with jaws set 10 in. apart. The strands Plied Yarns. 


shall be clamped in jaws under a definite tension by attaching weights. 


Number of 
Tests. 
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The tension to be used shall be determined from the formula: 


156 (Constant) 


Tension, in grams = ————___—_—_—— 
Equivalent singles size 


Example.—The weight for 23/11 would be as follows: 


156 


2.09 = 10 


The constant of 156 represents a tension which should be placed 
on yarn or cord to hold it sufficiently taut and still not remove any 
stretch. 

19. Three twist tests on each of 4 packages of yarn from each 
case shall be made, and the average of these 12 tests shall be the 
average of the case. 


TENTATIVE SPECIFICATIONS 
FOR 


TOLERANCES AND TEST METHODS FOR 
COTTON SEWING THREADS! 


Serial Designation: D 204-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It isnot a Standard of the Society and is subject to annual revision. 


ISSUED, 1924; REVISED, 1925. 


TOLERANCES 
I. STRENGTH 


1. The average tensile strength of each case of sewing thread as 
found by test shall be not less than the specified strength. 


II. YARDAGE 
2. When thread is sold by weight instead of on a guaranteed 
yardage unit, the yards per pound shall be indicated on each tube, 
spool or cone. | 
3. The actual number of yards per pound or unit of sale, as found 
by test, shall not be more than 4 per cent less than the number of yards 
per pound or unit of sale specified. 


Tie TWIST. 


4. Direction of Twist.—In the case of sewing thread, the thread 
as right-hand twist if, when it is held vertically, the spirals or twists 
are seen to incline upward in a left-hand direction, and has left-hand 
twist if the spirals or twists are seen to incline upward in a right-hand 
direction. 


NotE.—The definition as here given does not agree with the definition of “‘direc- 
tion of twist’’ of yarn as appearing in the Standard Specifications for Tolerances and 
Test Methods for Electrical Cotton Yarns (D 203-25) and in the Tentative Speci- 
fications for Tolerances and Test Methods for Cotton Yarns, Single and Plied (D 180- 
25 T) which definitions define ‘‘direction of twist’”’ in such a way that left-hand twist 
in the case of yarn corresponds to righ-hand twist in the case of sewing thread, as 
defined herein. An attempt is being made to harmonize these two conceptions of 
“direction of twist.” 


1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. K. B, 
Cook, Secretary of Committee D-13 on Textile Materials, U. S. Rubber Co., 122 Adams St , Newark, 
N. J. 
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5. The finished sewing thread shall be balanced in twist as nearly 
as possible and in no case shall a yard of thread when drawn from the 
side of a spool or package twist upon itself more than six times when 
brought together to form a loop. 


IV. RUNNING QUALITIES 
6. In addition to meeting the foregoing requirements, sewing 
thread shall be subjected to a sewing machine test under actual factory 
conditions. In the event of any thread apparently failing to operate 
properly, it shall be judged by comparison on any given machine under 
identical conditions, with thread from a lot known to have previously 
operated satisfactorily. 


METHODS OF TESTING 
V. STRENGTH 
7. All threads shall be tested by the single strand test method. 
A single strand tester of proper capacity with jaws set 10 in. between 
grips and having a speed of pulling jaw of 12 in. per minute shall be 
used. ‘The average of ten breaks from each of five spools or packages 
shall be the average strength. Any test during which the thread 
breaks at the jaw due to pinching or cutting shall not be included in 
the average. 
VI. YARDAGE 
8. In determining the yards per pound of sewing thread, the 
skeins shall be prepared in accordance with Table J. Any yarn reel 
having a 13-yd. perimeter may be used in preparing the skeins. On 
reels that have only one pigtail guide, tension shall be applied by 
making one full wrap of the thread around the guide. On reels using 
two or more guides, the thread shall pass straight through the guides 
onto the reel, the angles of the guides supplying the necessary tension. 


TABLE I. 

EQUIVALENT YARDS FOR NUMBER OF TESTS 
SINGLE SIZE TEST PER CASE OF THREAD 
Finer than 10's oe. ae 120 3 from each of 4 spools 
10's:and' coarser: 0705. ween res 60 3 from each of 4 spools 


The skeins shall then be weighed and the average weight of the 
12 skeins shall be converted to yards per pound from the formula: 
7000 X (number of yards in skein) 


Yards per lb. = : ; : 
gahic Average weight in grains of skein 


VII. LENGTH OF PACKAGE 
9. (a) (Preferred Method).—The length of package of sewing 
thread shall be determined by multiplying the number of yards per 
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pound, obtained as outlined in Section 8, by the net weet in pounds 
of the thread in package to be tested. 

(b) (Alternate Method).—The length of package of sewing thread 
shall be determined by measuring the entire length over a reel having 
a 13-yd. perimeter, taking three full turns around the reel and deliver- 
ing thread to a take-up drum. The yardage shall be noted on reel dial. 

(c) (Alternate Method).—The length of package of sewing thread 
shall be determined by measuring the thread in the form of skeins pre- 
pared on a reel having a 14-yd. perimeter. In no case shall the yardage 
of these skeins exceed that specified in Table II. The total yardage 
of skeins thus prepared from a package constitutes its length. 


TABLE II, 
EQUIVALENT SINGLE SIZE LENGTH OF SKEIN, YD. 
PEA 12 Oo ei nay POE EE tha PK dau. ae idles Soke ands 240 
MMR ST CLUS ean Fee RSs og crys sic! > ndkns che wae LAO 


Coarser than 6’s 


VIII. TWIST AND BALANCE 

10. No precision method for determining the twist of single yarns 
has been developed. 

11. Ply twist shall be determined on any standard twist counter 
with the jaws set 10 in. apart. The strands shall be clamped in jaws 
under a definite tension obtained by attaching weights. ‘The tension 
to be used shall be determined from the formula: 


156 (Constant) 
Equivalent singles size 


Example.—The weight for 24/4 would be as follows: 


Tension, in grams = 


NSS = 26 g. 
The constant of 156 represents a tension which should be placed 
on yarn or thread to hold it sufficiently taut and still not remove any 
. ae 
2. The “‘balance” of a sewing thread shall be determined by 
ede one yard of thread from a spool or package, holding it at 
each end and bringing these ends together, allowing the thread a 
chance to loop. 


Twist in 
Singles. 


Twist in 
Ply. 


Balance. 
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TENTATIVE SPECIFICATIONS 
FOR 
TOLERANCES FOR NUMBERED COTTON DUCK! 


Serial Designation: D 230-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to annual revision. 


ISSUED, 1925 


1. Tolerances shall be the limit within which a textile must come 
in its specified characteristics in order that it shall constitute a good 
delivery on contract. They may be classified as the allowable limits 
of the quantitative characteristics of the fabric as defined in the 
specifications. ‘The following tolerances are based upon the Standard 
Methods of Testing Cotton Fabrics (Serial Designation: D 39) of 
the American Society for Testing Materials.? 


I. WIDTH 


2. The average width determined by measurement shall be as 


specified with the following tolerances: 


TOLERANCE, IN. 
WIDTH, IN, UNDER OVER 


Up: tovand an chiding sO. reer: Gok. erat spttcee ts ete nena 
37. to: 60; inclusive:-s6.. 2272). Wal i EL) SE Yaeger ce 
610: 80, anclusivesn .. Wi. wie eee, he ek oh cc ae 
Sito 120) nel usl yee ea canes oo, a ine td a ee 


09 Colto | | 
lca Goler Coles ApH 


II. WEIGHT 


3. The weight of the fabric determined by test shall be not more 
than 2.5 per cent over or under the specified weight. 


Il. Ww THREADS sPERsIN CH 


4. (a) The average count of warp ends per inch determined by 
test shall be not more than 15 ends over or under the specified count 
for fabrics counting not over 40 ends per inch and not more than 2 ends 
over or under for fabrics counting over 40 ends per inch. 

1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. K. B. 
Cook, Secretary of Committee D-13 on’ Textile Materials, United States Rubber Co., 122 Adams St., 


Newark, N. J. 
21924 Book of A.S.T.M. Standards. 
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(b) The average count of filling picks per inch determined by test 
shall be not more than 1 pick over or under the specified count for 
fabrics counting not over 25 picks per inch, and not more than 14 
picks over or under for fabrics counting from 25} to 32 picks per 
inch, and not more than 2 picks over or under for fabrics counting 
over 32 picks per inch. 


IV. STRENGTH 


5. The average tensile strength of the warp and the average Strength. 
tensile strength of the filling shall be not less than the average specified 
tensile strength of each. 


Scope. 


Width. 


Weight. 


Count. 


Tensile 
Strength. 


Moisture 
Regain. 


TENTATIVE SPECIFICATIONS 
FOR 
TOLERANCES AND TEST METHODS FOR KNIT GOODS! 


Serial Designation: D 231-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to annual revision. 


IssuED, 1925 ' 


1. These specifications are intended to be applicable to the 
examination of those classes of knit goods which later enter into a 
manufacturing process. Where a material requires special treatment, 
specific methods will be described as they are developed for that 
material and such special tests will have precedence over these general 
specifications. 

TOLERANCES 
Le Wi ae 

2. The width as determined by test shall not be more than 3.5 

per cent above or 3.5 per cent below the specified width. 


II. WEIGHT 


3. The weight of the fabric as determined by test shall be not more 
than 5 per cent over or under the specified weight. 


Hist COUN? 
4. The average count of wales per inch and courses per inch 
as determined by test shall be not more than 5 per cent over or under 
the specified count. 


IV. TENSILE STRENGTH 


5. The average tensile strength of the fabric as determined by 
test shall be not less than the specified tensile strength. 


METHODS OF TESTING 

V. MOISTURE REGAIN . 

6. (a) The moisture present shall be determined as follows: 
Portions of the samples which are taken for the determination of 
weight (as described in Section 10 (a)) weighing from 3 to 5 g. shall 
1 Criticism of these Tentative Specifications are solicited and should be directed to Mr. K. B. Cook, 
Secretary of Committee D-13 on Textile Materials, U. S. Rubber Co., 122 Adams St., Newark, N. J. 
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be placed in any suitable receptacle and the weight determined before 
and after drying in a ventilated oven at 105° C. The drying shall be 
continued until there is no change in weight, due care being taken to 
desiccate the receptacle and contents until cool, before weighing. 

(b) The loss in weight shall be considered moisture regain and the 
percentage estimated on the sample in bone-dry condition. 

(c) Two determinations should be sufficient for ordinary purposes. 
Additional determinations may be required if desired. 


VI. DETERMINATION OF GREASE 


7. (a) The amount of grease present shall be determined as fol- 
lows: A representative sample which weighs about 5 g. taken from the 
samples prepared for strength tests shall be dried to constant weight 
in a ventilated oven at 105° C. It shall then be extracted with carbon 
tetrachloride in an apparatus as shown in Fig. 1, Section 8, of the 
Standard Methods of Testing Rubber Products (Serial Designation: 
D 15) of the American Society for Testing Materials... The extrac- 
tion shall be continued for 8 hours and the extract dried to constant 
weight in a weighed flask at 105° C. 

(b) The extract shall be considered grease and the percentage 
shall be reported on the dried sample. 

(c) Two determinations of grease are usually sufficient. Addi- 
tional determinations may be required if desired. 


VII. PERCENTAGE OF COTTON AND WOOL 


8. (a) The amount of cotton and wool present shall be determined 
by the so-called “caustic-potash”’ method. ‘This method shall be 
carried out as follows: The sample which has been dried for moisture 
determination shall be boiled thoroughly in 1-per-cent hydrochloric 
acid, but not long enough to disintegrate the fibers. This shall be 
repeated until no residue is found upon evaporating the solution on 
a watch glass. This removes sizing, dyestuff, mineral loading soluble 
in hydrochloric acid, etc. The residue shall be extracted successively 
with alcohol and carbon tetrachloride until all soluble material is 
removed. It shall be dried at 105° C. and weighed. ‘This weight 
represents combined cotton and wool. 

The dried residue shall be treated with a solution of 5-per-cent 
caustic potash and boiled gently for 15 minutes. It shall be poured 
into 500 cc. of cold water; permitted to stand until the fibers have 
settled and the supernatant liquid decanted. It shall be filtered 
through a Gooch crucible, washed with hot water and finally with 
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10 cc. of alcohol. It shall then be dried and weighed. The loss in 
weight represents wool; the residue represents cotton, except that a 
correction shall be made for 3.5 per cent soluble cotton. 


Example: 
Preliminary Analysis 


pample’ werent. 4 sn, meee cre wk Gee 5.000 g. 

Moistitres (241229 Sea eS a Pg, 0.4370 g. 8.74 per cent 

mizing, grease; etcss!: 14, aie. Oct. ay 0.1640 g. 3.28 i 

Mibers (by. diiterence) coamme as te. es uae 4.3990 g. 87.98 - 
Analysts of Bone Dry Fibers 

Wool (loss to caustic potash)............ 2.3200 g. 524 oe 

Cotton (residue) 36 32s ea rae ae 2.0790 g. A]: 2G, pene 

Cotton (corrected) (2.0790+0.965)..... 2.1544 g. 48.97 . 

WOOLTCOPTECLEM Sor eee cy tee kee 2.2446 g. 51.03 ” 
Air Dry Analysis 

Wool ‘plus normal regainyr so. ee eee 2.5588 g. PAR BNE i fil 

Cotton plus normal regain..... PRR 2.2945 g. 45: 7G AR 

Sizite, grease) etewahs ‘agicio. | bares 0.1640 g. SB 2d Ler 
Assumptions 

Normal regain for wollen goods.............. 14 per cent on dry weight 

Normal regain for cotton goods........5....5 i isd oats eae > 

Cotton soluble in caustic potash... ...... 4. 0% 6. 3 Shite aie A 


(b) Two determinations of percentage of cotton and percentage 
of wool are usually sufficient. Additional determinations may be 
required if necessary. — 


Vite). Wit Tet 


9. (a2) The width of the roll or piece (either split or tubular) 
shall be determined at five different places uniformly distributed 
along the full length of the roll or piece. The goods shall be drawn 
across a table without tension when the width is measured. 

(b) The average of the five measurements shall be the width. 


IX. WEIGHT 


10. (a) Five samples which have been died out in staggered 
fashion across the roll or piece shall be weighed collectively. The die 
shall be square and 2 in. on a side. ‘The material shall not be 
under tension as it 1s sampled. 

(b) The samples shall be weighed under prevailing atmospheric 
conditions except in the settlement of disputes. In such cases, tests 
shall be made upon samples which have normal moisture content, 
obtained by exposure for at least 4 hours to an atmosphere.of 65 per 
cent relative humidity at a temperature of 70° F..(21° C.); or upon 
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agreement, the samples shall be weighed in the dry condition as 
described in Section 2 of the Standard Methods of Testing Cotton 
Fabrics (Serial Designation: D 39) of ‘the American Society for 
Testing Materials.! 

(c) The weight shall be reported as weight per square yard as 
calculated from the weight found. 


xX. THICKNESS 
11. The thickness shall be measured by an automatic micrometer 
as described in Section 11 of the Standard Methods of Testing Cotton 
Fabrics (Serial Designation: D 39). 


XI. WALES AND COURSES 
12. The number of wales and courses per inch shall be deter- 
mined by counting a space of not less than 2 in. in at least five different 
places in the roll or piece. The material shall be laid out on a table 
without tension while the wales and courses are being counted. 


XII. TENSILE STRENGTH 

13. (a) The tensile strength shall be determined on an approved 
type of inclination balance breaking machine. The maximum capac- 
ity of the machine shall be such that the position of the pendulum 
shall not be greater than 45 deg. from the vertical when the break 
occurs. ‘The minimum capacity shall not be less than 20 per cent of 
the above maximum capacity. 

(b) The samples shall be tested under prevailing atmospheric 
conditions except in the settlement of disputes. In such cases, tests 
‘shall be made upon samples which have normal moisture content, 
obtained by exposure for at least 4 hours to an atmosphere of 65 
per cent relative humidity at a temperature of 70° F. (21° C.); or 
upon agreement, the tests shall be carried out upon samples which 
have been bone-dried as described in Section 2 of the Standard Methods 
of Testing Cotton Fabrics (Serial Designation: D 39). 

(c) The 1 by 1 by 1-in. grab method shall be used as described in 
Section 19 (d) of the Standard Methods of Testing Cotton Fabrics 
(Serial Designation: D 39), with the single exception that the distance 
between jaws shall be changed from 3 in. to 1 in. 

(d) At least 20 test pieces 4 in. in width by 6 in. in length shall 
be cut, ten in the direction of the wales and ten in the direction of 
the courses. 

(e) The tensile strength in each direction shall be the average of 
the ten tests. 


11924 Book of A.S.T.M. Standards. 
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TENTATIVE METHODS OF TESTING 
COTTON FIBERS.! 


Serial Designation: D 152-22 T. 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption as 


Standard it is subject to revision. 


IssuED, 1922. 


Group 1. The strength shall be the strength of a group of fibers expressed 


Sieexerh Test in terms of a weight equal to a unit weight of 20s yarn. 


Fic. 1.—Brushing to Remove Short Fibers. 


I. PREPARATION OF SAMPLE. 


Preparation 2. (a) The cotton shall be pulled down in the customary manner 
of Sample. of a cotton classer which produces fibers that are essentially parallel. 
(b) The fibers shorter than } in. shall be removed by means of a 
small brush. See Fig. 1. 
(c) The group or bundle of fibers shall be cut to equal 7 in. to 
assure all fibers being 7 in. long. See Fig. 2. 


i Criticisms of these Tentative Methods are solicited and should be directed to Mr. K. B. 
Cook, Secretary of Committee D-13 on Textile Materials, U. S. Rubber Co., 122 Adams St., Newark, 
Nay. 
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(d) The bundles shall be weighed, each bundle to weigh approxi- 
mately 0.004 g. 

(e) The ends of each group shall be cemented with collodion to 
prevent the fibers from slipping. See Fig. 3. 

Five bundles shall be used. 


* 


Fic. 2.—Cutting Fibers to Equal Length. 


Fic. 3.—Cementing Ends of Fiber Groups. 


II. PROCEDURE. 


3. The samples shall be exposed to a relative humidity of 70 per Moisture 
cent for two hours before weighing and before testing for strength. Condition. 
4, The conventional inclination balance testing machine of 10-Ib. Machine. 
capacity shal] be used with the clamp moving at the rate of 12 in. 
per minute, 
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The distance between the clamps shall be 3 in. 
The cathe shall be flat, of the metal or rubber insert type, % in. 
in width and 4 in. in depth. 
Result. oh A Bas, Hs shall be expressed in terms of an equivalent saa 
of 20s yarn by the formula: 


Strength in ounces of cotton tie Sum of Strengths in pounds X 16X45 3.0 
equal to unit of 20s yarn Sum of Weights in grams X 840 X20 X36 X8 


TENTATIVE METHODS OF TESTING 
GREASE WOOL AND ALLIED FIBERS 
FOR SCOURED CONTENT? 


Serial Designation: D 232-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. Itis nota Standard of the Society and is subject to annual revision. 


ISSUED, 1925 


1. These methods of test are intended to be applicable for testing 
grease wool and allied fibers (such as mohair, alpaca, camel hair, 
cashmere, vicuna) which contain grease, sand, dirt and vegetable 
matter, for the scoured content. 

2. The scoured content may be determined on the following Form of 
forms of loose fiber in the grease: Material. 

(a) Wool (etc.) in the fleece; 
(b) Necks, pieces, bellies; 
(c) Pulled wool; 

(d) Colonial scoured. 


Scope. 


I. WOOL (ETC.) IN THE FLEECE 


3. The tests to determine the scoured content of grease wool in 
the fleece shall be made on not less than 500 lb. but need not be on 
more than 1000 lb. 

4, (a) The wool shall be weighed in the original bags or bales at weignt. 
the time and place of making the test. ‘This shall be considered the 
gross weight. 

(b) The weight of the coverings and bindings and the string used 
for tying the fleeces, known as the tare, shall be determined. 

(c) The difference between the gross weight and the tare shall 
be the ‘‘normal net weight” of the grease wool. 

5. To retain the full commercial value of the wool after scouring Sorting. 
it shall be sorted previous to scouring into an agreed number of main 
and off sorts. 

6. The tags, fribs, clips and paint clips shall not be scoured, but Tags, Fribs, 
shall be weighed in the grease and reported separately as a percentage “liPs- 
of the normal net weight of the grease wool. 

1 Criticisms of these Tentative Methods are solicited and should be directed to Mr. K. B. Cook, 


Secretary of Committee D-13 on Textile Materials, United States Rubber Co., 122 Adams St., 
Newark, N. J. 
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7. The main sorts and off sorts excepting tags, fribs, clips and 
paint clips, shall be scoured separately in a train of at least 4 bowls, 
or in 3 bowls and a rinse box. The first 3 bowls shall contain the 
detergents and the last bowl or the rinse box shall contain clean running 
water. | 

8. The sorts shall be thoroughly dried in a heated mechanical 
dryer or on a heated table dryer and shall be bagged and weighed at 
once. 

9. The total net weight of all the lots from the dryer, known as 
the “hot weight” of the scoured wool shall be determined. 

10. The difference between the normal net weight of the grease 
wool and the hot net weight of the scoured wool shall be determined as 
the ‘hot shrink” of the grease wool, when expressed as a percentage 


‘of the normal net weight of the grease wool by the following formula: 


(Normal Net Weight of Grease Wool— 
Hot Net Weight of Scoured Wool) * 100 


Normal Net Weight of Grease Wool 


11. To determine the moisture in the hot net weight, three 
samples of not less than 1 lb. each shall be taken from the bags or bag 
representing about the beginning, the middle and the end of the run, 
immediately after the hot weight has been determined, and imme- 
diately placed in dry air-tight containers, the weights of which have 
been previously determined, and carefully weighed therein (check 
weight being made on containers); the net weight calculated, and the 
samples dried to constant weight in a ventilated drying oven main- 
tained at a temperature of 230 to 240° F. (110 to 116° C.) as shown by 
two consecutive weighings not less than ten minutes apart without 
removing from the oven. 

When two such weighings do not show a further loss of more 
than 0.1 per cent of the previous weighing the material is considered 
to be bone dry. : 

12. The difference between the average of the original (initial) 
weights of the samples, and the average of the bone dry weights of 
the same, shall be considered to be the moisture loss. 

(2) When computed as a percentage of the initial weight it 
is the moisture content percentage. 

(b) When computed as a percentage of bone dry weight it 
is the moisture regain percentage. 


Percentage Hot Shrink = 


13. The standard condition of scoured wool shall be understood 
to be the condition in which it contains 12 per cent of its dry weight 
of moisture. 
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14. This 12 per cent shall be the standard regain of scoured standard 


wool. Regain. 
15. The conditioned weight of the scoured wool shall be calcu- Formula for 
lated from the following formula: Sei 


Hot Net Weight X 112 


Conditioned Weight = 100 Actual Regain 


16. The true yield of the test lot shall be calculated from the Conditioned 
following formula and shall be the actual yield of the entire lot. Yield. 
Conditioned Weight of Scoured Wool X 100 

Normal Net Weight of Grease Wool 


Yield, per cent = 


17. If the loss in scouring is to be expressed as shrinkage, it shall conditioned 
be calculated from the following formula and shall be the actual Shrinkage. 
shrinkage of the entire lot. 


(Normal Net Weight of Grease Wool— 
Conditioned Weight of Scoured Wool) X 100 


Normal Net Weight of Grease Wool 
18. Wool shall beconsidered thoroughly scoured when tests by the Thoroughly 


Soxhlet Extraction Apparatus do not show a loss of more than one seh 
per cent of the weight of the conditioned scoured wool before testing. 

19. Grease and solubles not to exceed a fixed percentage may be Scoured Wool 
left in scoured wool by agreement, and tests to determine this percent- G°rtaimns 


Grease. 
age shall be made by the Soxhlet Extraction Apparatus. we 


Shrinkage, per cent = 


II. NECKS, PIECES AND BELLIES 


20. The tests to determine the scoured content of necks, pieces 
and bellies shall be made on not less than 500 lb. but need not be on 
more than 1000 lb. wool in the grease. 
21. (a) The wool shall be weighed in the original bags or bales weight. 
at the time and place of making the tests. This shall be considered 
the gross weight. 
(b) The weight of the coverings and bindings of the bales, known 
as the tare, shall be determined. 
(c) The difference between the gross weight and the tare shall Normal Net 
be the ‘normal net weight” of the grease wool. VSS EC 
22. The test for scoured content shall be made as described for scoured 
wool in the fleece in accordance with Sections 5 to 19, inclusive. Pane 


III. PULLED WOOL 


23. The tests to determine the scoured content of pulled wool 
shall be made on not less than 500 lb. but need not be on more than 
1000 lb. of wool in the grease. 


Weight. 


Scouring or 
Washing. 


Drying. 


Hot Weight. 


Scoured 
Content. 
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24. (a)’ The wool shall be weighed in the original bags or bales 
at the time and place of making the tests. This shall be considered 
the gross weight. 

(b) The weight of the coverings and bindings, known as the tare, 
shall be determined. 

(c) The difference between the gross weight and the tare shall 
be the “normal net weight” of the grease wool. 

25. The wool shall be scoured in a train of at least 4 bowls or 
in 3 bowls and a rinse box. ‘The first 3 bowls shall contain the deter- 
gents and the last bowl or rinse box shall contain clean running water. 

26. The wool shall be thoroughly dried in a heated mechanical 
dryer or on a heated table dryer and shall be bagged and weighed at 
once. 

27. The net weight of the wool from the dryer, known as the 
“hot weight” of the scoured wool shall be determined. 

28. The remainder of the test for determining the scoured content 
shall be made as described for wool in the fleece in accordance with 
Sections 10 to 19, inclusive. 


IV. COLONIAL SCOURED 


29. The test to determine the scoured content of colonial scoured 
wool shall be made as described for pulled wool in accordance with 
Sections 23 to 28, inclusive. 


TENTATIVE DEFINITIONS OF TERMS RELATING 
TO TEXTILE MATERIALS! 


Serial Designation: D 123-22 T 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and suggestions. It is not a Standard of the Society and until its adoption as 
Standard it is subject to revision. 

ISSUED, 1921; REVISED, 1922. 


(A) Mechanical Fabric 


1. The term ‘‘ Mechanical Fabric” shall be understood to mean 
fabric manufactured for use as an intermediate product in the making 
of some mechanically constructed article. 

2. Mechanical fabrics shall be referred to by the following 
descriptive nomenclature: 

(a) A word or phrase generally descriptive of the appearance of 
the material, or the use to which it is put. 

(b) Weight in ounces per square yard. The words “oz. sq. yd.” 
are to be written after the weight. To avoid confusion in regard to 
weight of material, it is suggested that immediately succeeding the 
square yard weight, the weight of the material on whatever basis may 
have been used previous to the adoption of these standards be inserted 
in brackets. Table I gives the conversion values of linear yard 
weight to square yard weight. 

(c) Width in inches. 

(d) Count, giving first the ends, and second the picks per inch. 

Example: Hose Duck, 9 oz. sq. yd. [40 in. 10 oz.], 48 in., 28 by 18. 

3. The following is a partial list of mechanical fabrics in general 
use: 

Tire Builder Fabric.—A square woven fabric having usually 11- 
ply yarn in both warp and filling. 

Tire Cord Fabric.—A fabric consisting of hawser cord yarn in the 
warp, with single yarn filling at intervals to keep warp threads together. 

Hose Duck.—A soft, plain-weave fabric of plied yarns not finer 
than No. 8, made in weights from 10 to 24 oz. to the 40-in. width. 
When made of finer yarn than No. 8, it is classed as Special Hose Duck. 

Rubber Belt Duck.—A soft, plain-weave fabric of plied yarns not 
finer than No. 8, weight ranging from 22 to 36 oz. to 42-in. width. 
When made of finer yarn than No. 8, it is classed as Special Belt 
Duck. 


1 Criticisms of these Tentative Definitions are solicited and should be directed to Mr. K. B. Cook, 
Secretary of Committee D-13 on Textile Materials, U. S. Rubber Co., 122 Adams St., Newark, N. J, 
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Balata Belt Duck.—A closely woven fabric made of hard twisted 
plied yarn usually made in wide widths, the weight being based on the 
square yard. 

Oil Belt Duck.—A closely woven fabric of plied yarns not over 
No. 8, made in a variety of widths, usually a 32-oz. fabric, the weight 
being based on the square yard. 

Numbered Duck.—A plain woven fabric of plied yarns ranging 
from coarse to fine numbers, the weight being based on 22-in. width. 

Army Duck.—A closely woven fabric of plied yarns, usually rang- 
ing between 7 to 12 oz., the weight being based on 274-in. width. 

Single Filled or Flat Duck.—A fabric made of single yarn, plain 
weave, the weight being based on 30-in. width. 

Enameling Duck.—A plain woven fabric with laid warp and plied 
yarn filling, weight being based on 463-in. width. 


(B) Cotton Fabrics Other than Mechanical Fabrics. 


4. Twill—A weave which produces pronounced lines running 
diagonally across the fabric, some of which are known as follows: 

(a) Drills —A ammegeee term for a fabric with warp face twill 
usually made with three harnesses and single yarns. 

(b) Alberts —A commercial term for a fabric of twill weave with 
filling face usually made with four or five harnesses. 

(c) Jeans —A commercial term for a fabric with warp face twill 
like a drill but with higher count and finer yarns. 

(d) Serge-——A commercial term for a fabric of twill weave made 
with four harnesses 2 by 2. 

(e) Clay.—A commercial term for a fabric of twill weave similar 
to a serge, but made with six harnesses 3 by 3. 


(C) Miscellaneous. 


5. Crimp.—In the case of fabric, the difference in distance 
between any two points of the yarn as it lies in the fabric, and the 
same two points after the yarn has been removed from the fabric 
and straightened, expressed as a percentage of the distance between 
the two points as the yarn lies in the fabric. 

NotEe.—‘‘Crimp”’ is not to be confused with ‘‘take-up” which is the difference 
in distance between any two points on the yarn as it lies in the fabric and the same 
two points after the yarn has been removed from the fabric and straightened, ex- 
pressed as a percentage of the distance between the two points after the yarn has 
been straightened. The threads for the ‘‘take-up”’ test shall be straightened with 
the same machine that is used for the “crimp” test, but for this test it shall be 
equipped with an extra scale on the dial, in which case the scale shall be plainly 
marked “crimp” and “‘take-up.” 

6. Off-Square.—In the case of fabric, the percentage of warp 
crimp minus the percentage of filling crimp. 


Scope. 


TENTATIVE SPECIFICATIONS 
FOR 
SIEVES FOR TESTING PURPOSES! 


Serial Designation: E 11-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to annual revision. 


ISSUED, 1925 


Sieves for precision testing have a variety of uses, including both dry 
screening and wet screening of material. The primary object is to separate 
materials according to the size of particle. Since particles are three dimensional 
and the openings of screens are areas having two dimensions only, the method 
of separation by means of screens is at best an approximation. In many 
instances, however, it is the best practical means at hand, and will give useful 
and reliable results if care is taken in securing representative samples, in the 
preparation of the sample for testing, in the details of procedure and in the 
method of reporting results. In the Appendix are indicated those points which 
must be considered in specifying sieving tests for any individual material. 

An essential in each method, however, is a series of sieves of known char- 
acteristics. The important consideration in sieves is the size of opening and 
with the size of opening known it is possible to translate the results obtained 
in one series of sieves into terms of another series. The importance of the size 
of opening in the sieve series covered by these specifications is emphasized by 
designating the sieves in terms of opening in microns. This new scheme of 
designation should accordingly cause no confusion, giving as it does a direct 
indication of the size of opening. As such, it is not open to the objections to 
the various arbitrary number designations heretofore in use and it is also free 
from the objection to the designation by means of mesh in that it is independent 
of the size of wire. 

With the size of opening known, the method of recording results is simpli- 
fied. It is recommended that in reporting sieve analyses in graphic form 
the sizes of sieve opening be arranged as ordinates with the largest size at the 
top and that the percentages be plotted as abscissas. 


1. These specifications cover sieves for use in the usual cases of 
precision testing for the fineness of materials (classification of materials 
according to size). The sieves have been designated according to 
the size of openings in terms of microns, the corresponding United 
States Standard Sieve Series designation in arbitrary numbers being 
given for the convenience of those familiar with the latter scheme of 
designation. 


1 Criticisms of these Tentative Specifications are solicited and should be directed to Mr. F. G: 
Breyer, Chairman of Sub-Committee, of Committee E-1, on Classification of Material According to 
Size, New Jersey Zinc Co., Palmerton, Pa. 
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I, PHYSICAL REQUIREMENTS 
2. Wire cloth for standard sieves shall be woven (not twilled, Cloth and 
except that the cloth of 44, 53 and 62-micron sieves may be twilled ee 
until further notice) from brass, bronze, or other suitable wire and 
mounted on the frames without distortion. ‘To prevent the material 


TABLE I.—REQUIREMENTS FOR SIEVE OPENINGS AND WIRE DIAMETERS WITH 
PERMISSIBLE VARIATIONS. 


Correspond- Tolerance | Tolerance on Tolerance 
ing U.S. Sieve Opening Wire Diameter in Wire Diameter, in 

Designation Standard Average per cent Maximum 

Piowe poried ool. 2 Pty ee et) Opening, | —_.. Opening, 

Number mm. in. mm. in. Logit Under | Over | Per cent 
2 8 4 6 6 7 8 9 10 
4760 micron...... 4 4.76 0.187 1.27 0.050 +3 15 30 10 
4000 cat eee 5 4.00 0.157 hid? 0.044 +3 15 30 10 
3360 Sip ese 6 3.36 0.132 1.02 0.040 +3 15 30 10 
2830) 04) eee. ee 7 2.83 0.111 0.92 0.036 +3 15 30 10 
2380) prancreya. sek 8 2.38 0.0937 0.84 0.0331 +3 15 30 10 
2000 aa at eM 10 2.00 0.0787 0.76 0.0299 +3 15 30 10 
LG SO eel tet se. 12 1.68 0.0661 0.69 0.0272 +3 15 30 10 
TET IY STi aate Te. 14 1.41 0.0555 0.61 0.0240 +3 15 30 10 
1190 par ehe Aer 16 1.19 0.0469 0.54 0.0213 +3 15 30 10 
1000 air vt Sg 18 1.00 0.0894 0.48 0.0189 +3 15 30 10 
840 DU oonrs 6 20 0.84 0.0331 0.42 0.0165 +5 15 30 25 
710 ey cea 25 0.71 0.0280 0.37 0.0146 +5 15 30 25 
590 ni FS Ee 30 0.59 0.0232 0.33 0.0130 +5 15 30 25 
SOOM Ne TAB ohh 35 0.50 0.0197 0.29 0.0114 +5 15 30 25 
4201 ete Ce 40 0.42 0.0165 0.25 0.0098 +5 15 30 25 
SHO Mai weet: 45 0.35 0.0138 0.22 0.0087 -E5 15 30 25 
297 Sore tic sa, 50 0.297 0.0117 0.188 0.0074 +6 15 35 40 
yi Ue oe OE 60 0.250 0.0098 0.162 0.0064 +6 15 » 85 40 
ZA. sr eee ee 70 0.210 0.0083 0.140 0.0055 +6 15 35 40 
177 Grr pee 80 0.177 0.0070 0.119 0.0047 +6 15 35 40 
149 Sattar te 100 0.149 0.0059 0.102 0.0040 +6 15 35 40 
1255 hee ae 120 0.125 0.0049 0.086 0.0034 +6 15 35 40 
105 MAD A Lu 140 0.105 0.0041 0.074 0.0029 +8 15 35 60 
88 eae eae 170 0.088 0.0035 0.063 0.0025 +8 15 35 60 
rf mate ek Beit 200 0.074 0.0029 0.053 0.0021 +8 15 35 60 
62 DR 230 0.062 0.0024 0.046 0.0018 +8 15 35 90 
BO NA ae AA J 270 0.053 0.0021 0.041 0.0016 +8 15 35 90 
Lee IL cee 325 0.044 0.0017 0.036 0.0014 +8 15 35 90 


Norz.—Screens having larger openings than those included in the table may be specified, but in specifying screens 
of larger openings the actual size of the opening (in millimeters or in inches) shall be stated. A tolerance of +3 per cent 
on average openings and of 10 per cent in maximum openings shall be permitted. 
being sieved from catching in the joint between the cloth and the 
frame, the joint shall be smoothly filled with solder, or so made that 
the material will not catch. ‘The sieve frames should be circular, 
about 20 cm. (8 in.) in diameter and about 5 cm. (2 in.) or 2.5 cm. 
(1 in.) between the top of the frame and the cloth. 

Notr.—tThe size specified above is for the regular standard testing sieve, but 


for special purposes other sizes may be used, as for example, the 3-in. sieve which 
is designed especially for use on laboratory balances as in the testing of pigments. 


3. The average opening between the adjacent warp and the Permissible 
adjacent shoot wires, taken separately, shall be that given in column Variations. 


Methods of 
Testing. 
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3 (or 4) of Table I, within the ‘‘ Tolerance in Average Opening” given in 
column 7. The average diameter of the warp and of the shoot wires, 
taken separately, of the cloth of any given sieve shall be that given 
in column 5 (or 6) of Table I within the “‘ Tolerance on Wire Diameter” 
given in columns 8and9. The maximum opening between adjacent 
parallel wires shall not exceed the nominal width of opening for that 
sieve by more than the “Tolerance in Maximum Opening” given in 
column 10 of Table I. 
II. WORKMANSHIP 

4. The sieves shall be free from imperfections in the sieve cloth 
or its mounting, as for example, punctured, loose or wavy cloth, 
imperfections in soldering, etc. 


Ill. MARKING 

5. The sieves shall bear a label upon which the manufacturer’s 
nominal opening in metric units (preferably in microns) with the 
equivalent in inches, together with the size of wire should be given. 

NotTe.—It is recommended that, until the new micron designation shall have 
been thoroughly established, in addition the corresponding United States Standard 
Sieve Series number be given. 

IV. METHODS OF TESTING 

6. (a) To determine whether the cloth conforms to the require- 
ments of these specifications, the wire diameter shall be measured in 
each direction by means of a micrometer-microscope or projection 
apparatus or other suitable apparatus of requisite precision, care 
being taken in all cases to avoid diffraction effects in measuring to 
the edge of a wire. Micrometer calipers and steel scales should not 
be used for this purpose. ‘The mesh shall be determined by counting 
the number of openings for a distance of at least 6 in. in both directions 
of the sieve, using a scale, either glass or steel, and a microscope. The 
use of scales with special rulings for obtaining mesh by counting 
“interference bands” is recommended in cases where large numbers of 
any of the sieves with the smaller openings are to be measured. From 
the wire diameter and the mesh the average opening shall be computed. 

Nore.—No general rule can be given for the number of observations to be 
taken, except that they be sufficient to cause no change in the result if say 3 or 4 
additional measurements are made, 

(b) Measurements of large openings shall be made by means of 
the micrometer-microscope or the projection lantern or other suitable 
apparatus in the same way as wire diameters are measured. 

Note.—In order to insure the securing of standard sieves it is possible to obtain 
from the manufacturer or dealer sieves which have been certified by the U. S. Bureau 
of Standards. 
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APPENDIX 


List OF POINTS TO BE CONSIDERED IN DRAWING UP SPECIFICATIONS 
FOR A SIEVING TEST 
I. APPARATUS. 


1. Enumeration of sieves to be used. 

2. Auxiliary apparatus required for collection and reduction of gross 
sample, sample containers, and apparatus other than the sieves used in 
making the tests. 


Il. SAMPLING. 


1. Unit of sampling. 

2. Method of collecting representative gross sample. 

3. Size of gross sample. 

4, Cautions to be taken in handling sample to prevent contamination 
or change. 

5. Reduction of gross sample. 


III. PREPARATION OF THE SAMPLE FOR TESTING. 


1. Drying. 

2. Mixing. 

3. Special treatment, if any is necessary. 
4. Selection of test portion. 

5. Size of test portion. 


IV. PROCEDURE. 
A. Dry Screening: 
1. Order in which the sieves are to be used. 
2. Detailed description of method of shaking. 
3. Detailed description of procedure other than method of shaking. 
4, End point. 


B. Wet Screening: 

1. Liquid to be used. ; 

2. Description of any preliminary separation by classification or 
other means’. 

3. Order in which screens are to be used. 

4, Detailed description of procedure including amount and method 
of adding liquid, method of stirring or other agitation. 

5. End point. 


V. METHOD OF REPORTING RESULTS. 


VI. ALLOWABLE VARIATIONS BETWEEN [DUPLICATE TESTS ON THE SAME 
MATERIAL. ‘ 


Wire, Rods 
and Pipe. 


Plates, 
Shapes and 
Flats. 


TENTATIVE METHODS OF TENSION TESTING OF 
METALLIC MATERIALS! 


Serial Designation: E 8-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to annual revision. 


IssuED, 1924; REVISED, 1925. 


These methods deal with the form and dimensions, the machining, and the 
testing of tension test specimens of metallic materials. Such matters as methods 
of taking samples from which to prepare test specimens are treated in the 
individual specifications for ferrous metals and for non-ferrous metals. 


I, TEST SPECIMENS 


1. In recommending the following specimens for use in tension 
tests it is not intended to exclude entirely the use of other 'test speci- 
mens for special materials or for special forms of material; for example, 
in tests of tubing and pipe the form of specimen recommended for 
plate, shape and flat material (Fig. 1) is not generally suitable for 
use, and a special form of specimen is specified. It is, however, 
recommended that wherever it is feasible the specimens here recom- 
mended be used. 

2. Tension test specimens of wire are of the full-size diameter as 
drawn, and tension test specimens of rods of ductile metal are often 
of the full-size diameter as rolled. ‘Tension test specimens of pipe 
and of tubing are frequently of full size as manufactured, in which 
case the ends should be plugged with metal plugs which do not extend 
within the gage marks. 

3. The tension test specimen shown in Fig. 1 is recommended 
for plate, shape and flat material. The thickness of the specimen is 
that of the material tested. 

NoTEeE.—When it is desired to use a specimen with a gage length of less than 
8 in., the general proportions of Fig. 1 should be followed. Specimens with a gage 
length of 2 in. are occasionally used. When it is not convenient to machine speci- 


mens to the standard shape shown in Fig. 1, specimens may be used with edges 
machined parallel for the entire length of the specimen. If such specimens are 


1 Criticisms of these Tentative Methods are solicited and should be directed to Mr. H. F. Moore, 
Chairman of Sub-Committee, of Committee E-1, on Mechanical Testing of Metallic Materials, Uni- 
versity of Illinois, Urbana, Ill. 

These methods are in effect a revision of the Methods for Tension Tests of the Standard Methods 
of Mechanical Testing of Metallic Materials. The standard methods, which were last published 
under the Serial Designation: E 1-18, have accordingly been withdrawn. 
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machined with a tool cutting across the edges of the specimen it is important that 
the transverse tool marks be removed before the specimen is tested. 

For thick plate material, it is usually preferable to use a machined specimen 
rather than to use a specimen the full thickness of the plate. 


Up to the present time it has not been possible to fix a definite line between 
plate material and sheet material. 


kK coves e Parallel Section not less than 9” -----> k- About 3 | 


feiensennaeen 8 Gage Length 2 s|! | [| 


for Measuring Elongation’ mh NJ atk 
after Fracture pa RS 


te Thickness of Plate 


Fic 1 
Radius not less Les Senco nes ez aumeet | Note :- The Gage Length, 
thang* | Paralle/ ee han | Parallel Section, and 
| Fillets shall be as 
Shown, but the Ends 
may be ofany Shape 
to fit the Holders of 
2 the Testing Machine 
Gage Length in such aWay that the 
for Elongation Load shall be axial. 
after Fracture 
Fic. 2 
% os 
Radius . ~ we 
not less d $s . We a 
than Nee “ity S l 3", 
uot Parallel Section ------~-- Ay a 
<n) meg aa Bs ae 5 
3° z 
+ ' ” ; aa 
: » | K--- Gage Length 2 Gage Length 2*- a a 
! 3 
kK. 3 e+. SK ry Parallel Section | Thread 
[gen-ennnn2neneeeee aenene 4z overall - 5 “over all ---------------> 
(a2) Specimen with shouldered ends. (6) Specimen with threaded ends. 
Fic. 3 


4, The tension test specimen shown in Fig. 2 is recommended 


for general use in testing metals! The gage length for measuring 
elongation after fracture is 2 in. 


1 Attention is called to Section 7. 


Measure- 
ment of 
Cross- 
Section. 


Ends. 


Are TENTATIVE METHODS OF TENSION TESTING 
5. When it is necessary to cut specimens from material (other 
than plate, shape and flat material) which is of such size that the speci- 
men shown in Fig. 2 cannot be used, it is recommended that a specimen 
with dimensions proportional to those shown in Fig. 2 be used and 
that the specimen be made as large as feasible. In any such small-size 
specimen it is especially important that the gage length for measuring 
elongation be four times the diameter of the specimen. 

6. In all tension tests of metals the actual dimensions of cross- 
section of the test specimens shall be measured with a micrometer 
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reading to g¢> of the dimension measured, and the stresses shall be 
computed on the basis of the measured cross-section; it should never 
be assumed that the dimensions of the measured cross-section are 
identical with the nominal dimensions. 

NotEe.—It will be noted that the tolerance for diameter of specimens shown 
in Fig. 2 permits the use of specimens 0.505 in. in diameter. 

7. The shape of the ends of the specimen shown in Fig. 2 are 
not specified above. For specimens of brittle metal it is desirable 
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that the diameter of the specimen be changed gradually along its 
length from the minimum section at the gage length to the diameter 
at the ends. Fig. 3 shows two forms of end of specimen which have 
given satisfactory results in tests of brittle metals. 

8. Specimens shall be finished so that the surfaces are smooth and Finish. 
free from nicks and tool marks. All ragged edges shall be smoothed. 
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The gripping device is shown as used with threaded end specimens. A similar device 
fitted with split sockets would be used with shouldered specimens. 


II. GRIPPING DEVICES FOR TENSION TEST SPECIMENS 


9. For long bars of ductile metal and for the flat plate test speci- wedge | 
men shown in Fig. 1, wedge grips, bearing directly on the end of the CtPs- 
test specimen, generally furnish a satisfactory means of gripping the 
specimens. / 

10. For short specimens and for specimens of brittle material, Grips for 
wedge grips are not a satisfactory means of holding test specimens; frie’.g, 


it is necessary to use machined specimens and to use special means 
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for insuring that the specimen, when under load, shall be as nearly 
as possible in pure axial tension. Fig. 4 shows a device for gripping 
tension specimens with threaded ends and Fig. 5 shows a device for 
gripping specimens with shouldered ends. Both these gripping 
devices are attached to the heads of the testing machine through 
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spherical-seated bearings. ‘The distance between spherical bearings 
should be as great as is feasible. For brittle materials, even the 
spherical-seated bearings shown in Figs. 4 and 5 are not always 
effective in avoiding bending stress on the specimen. ‘The gripping 
device shown in Fig. 6 has proved satisfactory for testing such speci- 
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mens, and is an excellent gripping device for any machined tension 
test specimen. 

11. For specimens’ cut from thin plate material and from sheet Grips for 
material, ordinary wedge grips are liable to cut the specimens near fro ‘iat 
the edges, giving a tearing stress rather than an axial tension. The 
self-adjusting grips shown in Fig. 7 have proved satisfactory for tests 
of thin sheet copper and aluminum. 

12. For tests of specimens of wire, ordinary wedge grips are Grips for 
liable to cut the wire at the edges of the grips. This cutting has been Wire- 
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found to be largely eliminated by the use of grips of the form shown 
in Fig. 8. 

13. In making tension tests, care shall be taken to see that the Alignment. 
axis of the test specimen is located in the center line of the heads of 
the testing machine and that the liners used behind wedge grips are 
of proper thickness. From time to time the openings in the heads of 
the testing machine shall be lined up and the heads tested for parallel- 
ism. Deviations from correct alignment and from parallelism should 
not exceed 0.01 in. for any position of the movable head within the 
range of movement during test. The heads of the machine should 
be free from sidewise motion that is visible to the unaided eye as the 
machine is run at its fastest speed. 


Elastic 
Limit. 


776 TENTATIVE METHODS OF TENSION TESTING 


III. SPEED OF OPERATION OF TESTING MACHINE 


14. The pulling speed has a marked influence on the tensile prop- 
erties shown by materials tested, an increase in speed increasing the 
values found for yield point and tensile strength. In testing speci- 
mens of metallic materials in gage lengths of 2 and 8 in., the speed of 
the machine, by which is meant the speed of the cross-head when the 
machine is running idle, shall conform to the following requirements: 

The speed of head of the testing machine shall be such that the 


load can be accurately weighed, but in no case shall the values given 


in the following table be exceeded, which values represent the extreme 
of good laboratory practice for steel :! 


Maximum Cross-head Speed, 


Specified Minimum Tensile Strength of Material, Gage Length, in. per minute 
Ib. per sq. in. in. ee ee 
Yield Point | Tensile Strength 
2 0.50 2.0 
Gi) 000 ar onder J3.°5.4-(-).an0 12 <2 eee eee { “pe =P 
2 0.25 1.0 
Over, 80000 ease ett eee cece er eee ome { 8 0150 20 


15. In determining the elastic limit in accordance with Method I, 
Section 17, the cross-head speed for the 2-in. gage length shall not 
exceed 0.125 in. per minute. e 

16. In determining the elastic limit by Method II, Section 17, 
the cross-head speed shall not exceed 0.025 in. per inch of gage length 
per minute. 


IV. THE DETERMINATION OF ELASTIC LIMIT, YIELD POINT, AND 
TENSILE STRENGTH 


17. The term “elastic limit” is defined as follows: 

Elastic Limit.—The greatest stress which a material is capable 
of developing without a permanent deformation remaining 
upon complete release of the stress. 


The determination of the elastic limit as thus defined would logically 
involve the application and release of a succession of increasing loads on a 
test specimen until there was observed deformation after release of a load. 
This procedure is very slow and since for many materials experience does not 
indicate any appreciable difference between the elastic limit and the limit of 
proportionality of stress to strain (sometimes called the proportional limit), 
the determination of the stress at the limit of proportionality of stress to 
strain is regarded as an accurate determination of the elastic limit. 


1 The speeds given here are piobably too high for satisfactory use in testing non-ferrous metals. 
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It is obvious that the values obtained in tests for determining the elastic 
limit will depend on the delicacy of methods and instruments used. It becomes 
necessary, therefore, that in any test the method used in obtaining the elastic 
limit be clearly stated. The following methods are in common use for deter- 
mining a value designated as the elastic limit. 

Method I, proposed by Committee A-1 on Steel, and embodied 
in a number of specifications for steel. (For tension tests only.) 
The elastic limit shall be determined by an extensometer reading to 
0.0002 in. ‘The extensometer shall be attached to the specimen at 
the. gage marks and not to the shoulders of the specimen nor to any 
part of the testing machine. When the specimen is in place and the 
extensometer attached, the testing machine shall be operated so as 
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Fic. 9.—TIllustrating Method II for 
Determining Elastic Limit. 


to increase the load on the specimen at a uniform rate. The observer 
shall watch the elongation of the specimen as shown by the exten- 
someter and shall note, for this determination, the load at which the 
rate of elongation shows a sudden increase. The extensometer 
may then be removed from the specimen and the test continued to 
determine the tensile strength. 

Method II (proposed by the late J. B. Johnson) is a somewhat 
more delicate method for locating the elastic limit than is Method I. 
In Method II, the elastic limit shall be taken as that stress at which 
the rate of deformation is 50 per cent greater than the initial rate of 
deformation. A stress-strain diagram is necessary for determining 
the elastic limit by this method. It is illustrated in Fig. 9. The 
initial rate of deformation is given by the ratio mn:Om. ng = 
mn, mq = 1.5 mn, and the slope of Og represents a rate of deformation 
50 per cent greater than the initial rate. O’g’ is drawn parallel to Oq 
and tangent to the stress-strain diagram. ‘The point of tangency J 


Yield 


Point. 
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locates the elastic limit. In using Method II the same precautions 
should be observed in attaching the strainometer as for the determi- 
nation of the elastic limit by Method I. Method II, in tension tests 
of metals, gives lower values for the elastic limit than does Method I. 
It is recommended that in using Method II for tension tests the strain- 
ometer be of such sensitiveness that it will indicate a change of strain 
of 0.0001 in. per inch of gage length (0.0001 mm. per millimeter of 
gage length). 

Methods of High Precision.—When it is desired to determine the 
elastic limit with a high degree of precision, it is suggested that the 
experimenter devise his own procedure, and in reporting his results 
describe the procedure in detail, including a statement of the limits 
of sensitiveness of the apparatus used and of the procedure used in 
plotting the stress-strain diagram from which the determination of 
elastic limit Is made. It is to be remembered that the accurate deter- 
mination of the elastic limit requires the use of accurate and sensitive 
instruments and the use of accurate methods of plotting test data. 

18. The term ‘‘yield point” is defined as follows: 

Yield Point.—The stress in a material at which there occurs a 

marked increase in strain without an increase in stress. 

Two methods are in use for determining the yield point: (I) The 
‘drop of the beam” method, and (II) the method by use of dividers: 

Method I.—In Method I, load is applied to the specimen at a 
steady rate of increase and the operator keeps the beam in balance by 


_ running out the poise at a steady rate. At the yield point the increase 


of load stops (and for some metals there is an actual falling off of load), 
but the operator, running out the poise at a steady rate, runs it a trifle — 
beyond the balance position, and the beam of the machine drops for 
a brief but appreciable interval of time. In a machine fitted with a 
self-indicating load-measuring device there is a sudden halt of the 
load-indicating pointer, corresponding to the drop of the beam. ‘The 
load at the “halt” or the “drop” is recorded, and the corresponding 
stress is taken as the yield point. This method of Ce the 
yield. point requires only one man to conduct the test. 

Method IIT.—In Method II an observer with a pair of dividers 
watches for visible elongation between two section marks on: the 
specimens. When visible stretch is observed, the:load at that instant 
is noted, and the stress corresponding to the load is taken as the yield 
point. When.a strainometer! is used in place of dividers a deforma- 


1 The determination of yield point with a strainometer is sometimes made in tests on non- -ferzous 
metals. 
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tion of 0.01 in. over a gage length of 2 in. shall be regarded as indi- 
cating the yield point. 
Some metals do not have a well-defined yield point. 
19. The term “tensile strength” is defined as follows: Tensile 
Tensile Strength—The maximum tensile stress which a material nape Au 
is capable of developing. 


NotE.—In practice, it is considered to be the maximum stress 
carried by a specimen representing the material in a tension test to 
rupture, under definite prescribed conditions. Tensile strength is com- 
puted from the maximum load carried during a tension test and the 
original cross-sectional area of the specimen. 
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The conditions that must be prescribed in a tension test of 
metallic materials are the form of specimen, the method of gripping 
the specimen, and the rate of application of load. ‘These are covered 
in foregoing sections. No further detailed discussion of methods of 
determining tensile strength is necessary, as there is involved merely 
the observing and the recording of the maximum load carried by the 
specimen during the test. 
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V. THE MEASUREMENT, AFTER FRACTURE, OF THE ELONGATION 
AND THE REDUCTION OF CROSS-SECTION OF TENSION 
TEST SPECIMENS 


20. The measurement of the elongation after fracture of tension 
test specimens can be made with sufficient accuracy by means of a 
pair of dividers and a scale. ‘The elongation should not be reported 
for any tension test specimen which breaks outside the middle third 
of the gage length. 

NotTE.—If only a few specimens are furnished for testing it is recommended 
that in marking the gage length for measuring elongation after fracture it be divided 
into eight parts, and that if a specimen breaks inside the gage length but outside 
the middle third of the gage length the requirement in the foregoing paragraph be | 
waived, and the elongation be measured and reported as follows: 

(1) If the specimen breaks in the middle half of the gage length (between C) 
and G, Figs. 10 (a) and (b)) the elongation is measured directly over the stretched 
gage length (Fig. 10 (0). 

(2) If the specimen breaks between A and C (or between G and J) but nearer 
B than A (or nearer H than J), as shown in Fig. 10 (c) the elongation from A to C 
(or from G to I) is measured, and to this is added twice the measured elongation 
from C to F (or from D to G). 

(3) If the specimen breaks within one-half a division of an end gage mark 
(see Fig. 10 (d)) the elongation from A to E (or from E to I) is measured and mullti- 
plied by 2. 

The above method can be applied to specimens with any gage length, and to 
turned specimens as well as flat specimens. 

This method is not applicable to brass specimens. 


21. The measurement of reduction of the dimensions of the 
cross-section of a tension test specimen may be made by the direct 
measurement with a micrometer of the smallest section of the frac- 
tured specimen. For round specimens this measurement can usually 
best be made by holding the broken pieces together in a vise or between 
centers and then measuring the average diameter of the smallest 
cross-section by means of a micrometer fitted with points so shaped 
that they will come in contact with the specimen at its smallest 
diameter. 


VI. PLOTTING STRESS-STRAIN DIAGRAMS 
22. A stress-strain diagram is a diagram plotted with values of 
stress as ordinates and values of strain as abscissas. 

Note.—The use of the term ‘‘stress-strain diagram”’ is frequently extended to 
cover diagrams plotted with values of applied load, or applied moment, as ordinates 
and with values of stretch, compression, deflection, or twist as abscissas. 

Stress-strain diagrams are in some cases drawn directly by an 
autographic attachment to the testing machine. A more usual method 
of procedure consists in taking a series of load readings (from the 
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balanced scale beam of the testing machine) with corresponding read- 
ings of the strain-indicating apparatus. The term “strainometer 
reading” will be used to denote the reading of the strain-measuring 
instrument. From these readings, or from values computed from 
them, there is plotted a diagram with stress-indicating values (load 
or stress) as ordinates, and strain-indicating values (elongation or 
strain) as abscissas. In planning such a test it is necessary to decide 
on the increment of load or the increment of reading of strainometer 
to be used between successive readings. 

In Fig. 11 are shown three typical stress-strain diagrams. The 
material for all three tests is the same, and the test specimens are all 
of the same size, so that the diagrams should be the same. ‘The 


Load 
Load 


Strainometer Strainometer Strainometer 


Reading Reading Reading 
(a) With Equal Incre- (6) With Equal Incre- (c) With Two Values of 
ments of Stress. ments of Strain. Increments of Stress. 


Fic. 11.—Illustrating Three Methods of Plotting Load-Deformation Curves. 


diagram shown in Fig. 11 (a) is plotted from points determined by 
taking increments of load (S). In this diagram it is seen that owing 
to the shape of the curve, data for locating points between M and N 
are lacking. That particular portion of the curve (the “‘knee” of the 
curve) is the part for which it is especially desirable to locate several 
points on the diagram. 

In Fig. 11 (0) is shown a diagram plotted from points determined 
by taking increments of strainometer reading (e). It will be noted 
that for this diagram there are located several points near the knee 
of the curve, and the shape of the diagram in this important region 
is much more definitely determined than for the curve shown in 
Fig. 11 (a). 

The custom of choosing increments of load rather than increments 
of strainometer reading is quite common in tests of materials and is 
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followed because, in general, it is easier to compute increments of 
load than it is to compute increments of strainometer reading. An 
estimate of the load necessary to stress the specimen up to the knee 
of the curve is made and some fraction (frequently one-tenth) of this 
value is taken as anincrement. The computation of the corresponding 
increment of strainometer reading is more complicated. 

Sometimes the practice is followed of applying a few increments 
of load as determined above, and then applying load in much smaller 
increments (S’) until the knee of the curve is passed. Fig. 11 (c) shows 
a diagram obtained in this manner. ‘This method involves a marked 
increase in the number of readings necessary for a test and with un- 
known material there is always some danger that the knee of the curve 
will be reached before the use of small increments of load is begun. 

The following method of choosing increments for a test is sug- 
gested: Estimate the load corresponding to the knee of the stress-strain 
diagram and choose a value for increment of load about one-tenth of 
this value. Apply this increment of load (S) once and note the corre- 
sponding change of reading for the strainometer (e). Then for the 
remainder of the test, use for the increment of strainometer reading a 
value which corresponds to some convenient interval on the scale of 
the strainometer, and which is approximately equal to (e). 


TENTATIVE METHODS OF COMPRESSION TESTING 
OF METALLIC MATERIALS! 


Serial Designation: E 9-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It isnot a Standard of the Society and is subject to annual revision. 


IssUED, 1924; REVISED, 1925. 


These methods deal with the form and dimensions, the machining, and the 
testing of compression test specimens of metallic materials. Such matters as 
methods of taking samples from which to prepare test, specimens are treated in 
the individual specifications for ferrous metals and for non-ferrous metals. 


I. TEST SPECIMENS 


1. In recommending the following specimens for use ‘in compres- 
sion tests it is not intended to exclude entirely the use of other test 
specimens for special materials or for special forms of material. It is, 
however, recommended that wherever it is feasible the specimens here 
recommended be used. 

2. It is recommended: that standard compression specimens be 
in the form of circular cylinders. ‘The ends of a specimen should be 
plane, as nearly as can be determined by the use of a straight edge 
and the unaided eye. In most cases this requirement necessitates the 
turning or the grinding of the ends of the specimen. 

3. There are recognized three classes of compression specimens 
for metallic materials, designated as short specimens, medium-length 
specimens, and long specimens, respectively. Short specimens are 
used for compression tests of such metals as bearing metals, which in 
service are used in the form of a thin plate or shell to carry load per- 
pendicular to the surface. Medium-length specimens are used for 
determining the general compressive strength properties of metallic 
materials. Long specimens are best adapted for determining the 
modulus of elasticity in compression of metallic materials. In report- 
ing the results of a compression test, it is important that the dimen- 
sions of the test specimen be given. 


1 Criticisms of these Tentative Methods are solicited and should be directed to Mr. H. F. Moore, 
Chairman of Sub-Committee, of Committee E-1, on Mechanical Testing of Metallic Materials, Uni- 
versity of Illinois, Urbana, Ill. 

These methods are in effect a revision of the Methods for Compression Tests of the Standard 
Methods of Mechanical Testing of Metallic Materials. The standard methods, which were last 
published under the Serial Designation: E 1-18, have accordingly been withdrawn. 
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4, Fig. 1 shows the proportions of the three classes of compres- 
sion specimens. Suggested dimensions for compression specimens for 
general use are: 

Short specimens: d=1% in.+0.01 in. (area of cross-section is 
approximately 1 sq. in.), #=1 in.; 

Medium-length i oeumre ie 0.798\in. +0.01 in., 4=2¢ in., or 
d= ans 0. Olga h=3 in., or 
d=1} in. +0.01 He: h=32 fh 

Long specimens: d=1} in. 0.01 in., 4=12% in. 


rh 
ray, 
Tay raed 
coneblia 4 
Short Medium-Length k--- 2al - 
Specimen. opecimen. Long Specimen. 


Fic. 1. 


5. In all compression tests of metallic materials, the actual 
dimensions of cross-section of the test specimens shall be measured 
with a micrometer reading to $5 of the dimension measured, and 
stresses shall be computed on the basis of the measured cross-section. 
It should never be assumed that the dimensions of the cross-section 
of the specimen are identical with the nominal dimensions. 

6. Specimens shall be finished so that the surfaces are smooth and 
free from nicks and tool marks. All ragged edges shall be smoothed. 


II. BEARING BLOCKS FOR COMPRESSION TEST SPECIMENS 


7. Both ends of a compression test specimen shall bear on a 
carefully machined plane surface. The bearing blocks shall either be 
made of hardened steel, or shall be faced with hardened steel. 


SERIAL DESIGNATION: E 9-25 T 785 


8. One end of a compression test specimen shall bear on a 
spherical-seated compression block.! Fig. 2 shows a satisfactory 
arrangement of compression specimens and bearing blocks. It is 
desirable that the spherical-seated bearing block be at the upper end 
of the test specimen (for specimens tested with the axis vertical). 
It is important that the center of the spherical surface of the spherical- 
seated bearing block should be in the flat face which bears on the 
specimen, otherwise lack of parallelism between faces of the specimen 
sets up a bending moment in the specimen.? 


Cross-Head of 
Testing ,Machine 


Spherical deat------ SANG 


--Center of 
Spherical Surface 


opecimen ---> 


|_1 _-Bearing Block 


Weighing Table of 
Testing Machine. 
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9. It should be borne in mind that the object of a spherical- 
seated bearing block is to give the specimen as even a distribution of 
initial load as is possible. Owing to friction, the spherical-seated 
bearing cannot be relied on to adjust itself to bending action which 
may occur during the test. 

10. In making compression tests, care should be taken to preserve 
the alignment of the heads of the testing machine, and to center the 
specimen in the testing machine. From time to time the heads of the 
testing machine shall be tested for parallelism. Deviations from 
parallelism should not exceed 0.01 in. The movable head of the 
machine should be free from sidewise motion that is visible to the 
unaided eye as the machine is run at its fastest speed. 


1 The device shown in Fig. 3 has been successfully used in compression tests of metallic specimens 
whose ends were machined with extreme care. It will be noted that this device does not involve a 
spherical seated compression block bearing directly on the test specimen. This device or one similar 
has been successfully used in the British National Physical Laboratory and in the laboratories of the 
U.S. Air Service at McCook Field, Dayton, Ohio. 

2 See Mont Schuyler, “Spherical Bearings,’”’ Proceedings, Am. Soc. Testing Mats., Vo’. XIII, 
p. 1004 (1913). 
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III. SPEED OF OPERATION OF TESTING MACHINE 


11. In making compression tests of specimens of metallic materials 
the speed of the machine, by which is meant the speed of the cross- 
head when the machine is running idle, shall not be greater than the 
values given in the following table: 


LENGTH OF Maximum Cross- 

SPECIMEN, HEAD SPEED, 
IN. IN. PER MINUTE 
BOO « din'spi's wun iia ot 5 aie Waals I ieee asia ak NN etiiy a gta Pees tae ta 0.05 
$8.00. OF, greater ws Sit usen epaee ace no dhal wl cane iene utey a) ae atts Ge 0.10 


Yeti GUY eit, 


Poe 
a 


Balls with i Hardened Block 
Retainer4 
Ti ele ae 
| | IE 
ca bore pe oe 
se ee 
| | | ~t 
| | 
(boy 


ae 


) 
Ld (oe) 
vt 
: RST: 
ley 
Vie Ney gee 


Fic. 3.—Compression Tool. 


12. In making tests to determine the elastic limit in compression 
of metallic materials, the cross-head speed of the testing machine shall 
in no case exceed the allowable speed of head for the corresponding 
tension test of the material, as given in Sections 15 and 16 of the 
Tentative Methods of Tension Testing of Metallic Materials (Serial 


Designation: E 8-25 T) of the American Society for Testing 
Materials.} 


1See p. 770. 
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IV. THE DETERMINATION OF ELASTIC LIMIT, YIELD POINT, AND 
COMPRESSIVE STRENGTH 


13. (a) The term “elastic limit” in compression is defined the 
same as in tension, as follows: 


Elastic Limit—The greatest stress which a material is 
capable of developing without a permanent deforma- 
tion remaining upon complete release of the stress. 


(b) The same general methods for determining elastic limit, as 
given in Section 17 of the Tentative Methods of Tension Testing of 
Metallic Materials (Serial Designation: E 8-25 T) of the American 
Society for Testing Materials,' shall be used. For compression tests, 
Method II or a still more precise method seems generally suitable. 

14. (a). The term “‘yield point” in compression is defined the 
same as in tension, as follows: 


Yield Point.—The stress in a material at which there occurs 
a marked increase in strain without an increase in stress. 


(b) The same methods for determining yield point as given in 
Section 18 of the Tentative Methods of Tension Testing of Metallic 
Materials (Serial Designation: E 8-25 T)! shall be used. The 
method by the use of dividers or by the use of a strainometer seems 
generally suitable for compression testing. 

15. The term ‘‘compressive strength”’ is defined as follows: 

Compressive Sirengih—-The maximum compressive stress 

which a material is capable of developing. 
Nore.—In the case of a material which fails in compression by a shattering 
fracture the compressive strength has a very definite value. In the case of materials 
which do not fail in compression by a shattering fracture the value obtained for 


compressive strength is an arbitrary value depending upon the degree of distortion 
which is regarded as indicating complete failure of the metal. 


V. PLOTTING STRESS-STRAIN DIAGRAMS 


16. The discussion and directions given in Section 22 of the 
Tentative Methods of Tension Testing of Metallic Materials (Serial 
Designation: E 8-25 T)! apply to plotting stress-strain diagrams 
for compression tests. 


1See p. 770. 
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The Brinell test for determining the hardness of metallic materials consists 
in applying a known load to the surface of the material to be tested through a 
hardened steel ball of known diameter. The diameter (or depth) of the result- 
ing permanent impression in the metal is measured. The Brinell hardness 
number is taken as the quotient of the applied load divided by the area of the 
surface of the impression, which is assumed to be spherical. If P is the applied 
load (measured in kilograms), D is the diameter of the steel ball (measured in 
millimeters) and d is the diameter of the impression (measured in millimeters), 
then 

P 
aD ( — RZ) 
2 


B.H.N. 


in which B.H.N. is the Brinell hardness number in kilograms per square 
millimeter. 

If the steel ball were not deformed under the applied load and if the 
impression were truly spherical, then the above formula would be a general one, 
and any combination of applied load and size of ball could be used. As the 
impression is not quite a spherical surface (since there must always be some 
deformation of the steel ball and some recovery of form of the metal in the 
impression), for a standard Brinell test the size and characteristics of the ball 
and the magnitude of the applied load must be standardized. (A standard ball 
10 mm. in diameter and a load of 3000 kg. for hard metals and 500 kg. for soft 
metals is standard practice. See Sections 3 and 6. 

In Table I is given the Brinell hardness number corresponding to various 
diameters of impression for both 500 and 3000 kg. load, making it unneces- 
sary to compute for each test the value of the Brinell Hardness Number by 
the above formula. 


1 Criticisms of these Tentative Methods are solicited and should be directed to Mr. H. F. Moore, 
Chairman of Sub-Committee, of Committee E-1, on Mechanical Testing of Metallic Materials, Uni- 
versity of Illinois, Urbana, II. 

These methods are in effect a revision of the Methods for Brinell Hardness Tests of the Standard 
Methods of Mechanical Testing of Metallic Materials. The standard methods, which were last pub- 
lished under the Serial Designation: E 1 - 18, have accordingly been withdrawn. 
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TimAPPARATUS 


1. The divisions on the micrometer scale of the microscope or 
other measuring device used for the measurement of the diameter of 
impression shall be such as to permit the direct measuring of the 
diameter to 0.1 mm. and the estimation of the diameter to 0.01 mm. 

2. (a) The balls used in Brinell hardness testing shall be of 
hardened steel or other equally hard material. 

(b) A ball to be suitable for use shall not show a permanent 
change in diameter greater than 0.0025 mm. (0.0001 in.) when pressed 
with a force of 3000 kg. against a piece of steel having a Brinell hard- 
ness number of 500 or greater.! 

(c) If a ball is used in a test of a specimen which shows a Brinell 
hardness number greater than 500, the ball shall be remeasured after 


Micrometer 
Microscope. 


Brinell 
Ball. 


the test. Should the ball show a permanent change in diameter | 


greater than that permitted in Paragraph (0), the ball shall be unsuit- 
able for further use in a standard test.! 

3. The standard ball for Brinell hardness testing shall be 10 mm. 
(0.3937 in.) in diameter with a deviation from this value of not more 
than 0.01 mm. (0.0004 in.) in any diameter, but the diameter of any 
ball measured at various points shall be constant within a tolerance 
of +0.0025 mm. (0.0001 in.). 

For testing very small specimens or very thin specimens it is sometimes 
necessary to make Brinell hardness tests with a ball less than 10 mm. in diam- 
eter. For such tests (which are not to be regarded as standard Brinell tests) 


the relation between applied load, P, measured in kilograms, and diameter of 
ball, D, measured in millimeters, should be 


2 
P = 3000 = = 30 D? for iron and steel 
; 2 
and P= 500 foske 5 D* for brass, bronze and soft metals in general. 


For extremely soft metals the relation P = D? may be used. 

Balls differing in size from the standard 10-mm. ball shall conform to the 
requirements for the material and the tolerance in size of diameter as specified 
for the standard ball. 


II. TEST SPECIMENS 


Specimens used in Brinell hardness testing vary greatly in form since it is 
frequently desirable to make the impression upon a part to be used in the finished 
product rather than upon-a sample test specimen. 


4. The thickness of the piece tested shall be such that no bulge 
or other marking showing the effect of the load appears on the side of 
1[n testing softer metals, it is not, of course, necessary to have balls of this extreme hardness. 


However, a ball to be suitable for use should withstand pressure against the hardest material to be 
tested without showing a permanent change in diameter greater than 0.0025 mm. 


Size of 
Standard 
Ball. 


Thickness of 
Specimen. 
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Steel Ball, 10 mm. in Diameter, Pressures of 500 and 3000 kg. 


TABLE ].—BRINELL HARDNESS NUMBERS. 


TENTATIVE METHODS OF BRINELL HARDNESS TESTING 


Prepared by the Engineering Mechanics Section, Bureau of Standards. 


The values given in this table for hardness numbers are merely solutions of the equation given in 


the introductory paragraphs. 


hardness indicated by the highest values in the table. 


They do not imply that Brinell tests are feasible on materials of a 


Brinell Hard- 
Diam- | ness Number 
eter of 
Inden- 
tation, | 500- | 3000- 

mm. kg. kg. 

Load | Load 

2.00} 158 | 945 
2.01 |) 156 936 
2.02 154 926 
2.03 153 917 
2.04 151 908 
2.05 | 150} 899 
2.06 148 890 
2.07 147 882 
2.08 | 146] 873 
2.09 144 865 
2.10 | 148 | 856 
2.11 141 848 
2.12 140 840 
2.13 139 832 
2.14 137 824 
2.15 136 817 
2.16 135 809 
2.17 134 802 
2.18 | 1382) 794 
2.19} 1381] 787 
2.20} 1301 780 
2.21} 129°] 772 
2.22 128 765 
2.20 126 758 
2.24 125 752 
2.25} 124} 745 
2.26 | 1234 738 
Mert Pie PA SRY 
2.28 121, 725 
2.29 120 719 
2.30 119 712 
2.31] (118 | 706 
2.32 | 117} 700 
2.33 | 116 | 694 
2.84} 115} 688 
2.35 | 114] 682 
2.36} 113 | 676 
2.37 | 112 | 670 
2.388 | 111 | 665 
2.39 110 659 
2.40 109 653 
2.41} 108 | 648 
2.42 107 643 
2.48 | -106 } 637 
2.44} 105] 632 
2.45} 104 | 627 
2.46 | 104] 621 
2.47 103 616 
2.48} 102] 611 
2.49} 101 | 606 


Diam- 
eter of 
Inden- 
tation, 
mm. 


Brinell Hard- 
ness Number 
500- | 3000- 
ke, kg. 
Load | Load 
100 601 
99.4 | 597 
98 .6 592 
97.8} 587 
97.1} 582 
96.3 | 578 
95.5.1) 673 
94.8 | 569 
94.0 | 564 
93.3 | 560 
92.6} 555 
91.8} 551 
91.1] 547 
90.4} 543 
89.7} 538 
89.0 | 534 
88.4 | 530 
87.7 | 526 
87.0 | 522 
86.4] 518 
85.7 | 514 
85.1 | 510 
84.4} 507 
83.8 | 508 
83.2 | 499 
82.6 | 495 
81.9 | 492 
81.3 | 488 
80.8 | 485 
80.2 | 481 
79.6 | 477 
79.0 | 474 
78.4 471 
77.9 | 467 
77.3 | 464 
76.8 | 461 
76.2 | 457 
75.7 | 454 
75.1} 451 
74.6 | 448 
74.1 | 444 
73.6 | 441 
73.0 | 438 
72.5} 435 
72.0 | 432 
71.5 | 429 
71.0 | 426 
70.5 | 423 
70.1 | 420 
69.6 | 417 


Diam- 
eter of 
Inden- 
tation, 
mm. 


Brinell Hard- 
ness Number 


500- | 3000- 
kg kg. 
Load | Load 
69.1 415 
68.6 | 412 
68.2 | 409 
67.7 | 406 
67.3 | 404 
66.8 | 401 
66.4 | 398 
65.9 | 395 
65:5 1 | 393 
65.0 | 390 
64.6 |} 388 
64.2 | 385 
63.8 | 383 
63.3 | 380 
62.9 | 378 
62.5 | 375 
62.1 | 372 
61.7 | 370 
61.3 | 368 
60.9 |} 366 
60.5 | 363 
60.1 361 
59.8 | 359 
59.4 | 356 
59.0 | 354 
58.6} 352 
58.3 | 350 
57.9 | 347 
57.5 345 
Biel vote 
56.8 | 341 
56.5 339 
BORL Len oo 
55.8 | 335 
55s4l. 333 
Hote ss 
54.8 | 329 
54.4 | 326 
B4e1 1) 825 
53:8 | 323 
53.4 | 321 
63.1} 319 
52.8] 317 
52.5 | 315 
522201 ole 
51.8 | 311 
51.5 | 309 
51.2 | 307 
50.9 | 306 
50.6 | 304 


Diam- 
eter of 
Inden- 
tation, 
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Brinell Hard- 
ness Number 


500- | 3000- 
kg kg. 
Load | Load 
60; Sub oO2 
50.0 300 
49.7 | 298 
49.4 | 297 
49.2} 295 
48.9 | 293 
48.6 | 292 
48.3 | 290 
48.0 | 288 
47.7 | 286 
ATED» |e28D 
47.2 283 
46.9 | 282 
46.7 | 280 
46.4 | 278 
46.1 | 277 
45.9 | 275 
45.6 274 
45.4 272 
AOA eZ 
44.9 | 269 
44.6 | 268 
44.4 | 266 
44.1 265 
43.9 | 263 
43.6 262 
43.4 } 260 
43.1} 259 
42.9 | 257 
42.7 | 256 
42.4 | 255 
42.2 2538 
42.0 252 
41.7 | 250 
41.5 | 249 
41.3 | 248 
41.1 | 246 
40.9 | 245 
40.6} 244 
40.4 | 242 
40.2 | 241 
40.0 } 240 
39:8 | 239 
39.6 | 237 
39.4 | 236 
39.1] 2385 
88.9 | 234 
38.7 | 232 
38.5 | 231 
38.3 | 230 


Diam- 
eter of 
Inden- 
tation, 
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Brinell Hard- 
ness Number 


ee See | eee) |e | ee | ee a ee, | ee ee ee — ———EEE————eEE 


500- | 3000- 
kg. kg. 
Load | Load 
38.1 229 
37.9 228 
Byey 226 
37.0 225 
37.3 | 224 
37.1 | 223 
37.0.| 222 
36.8 | 221 
36.6 | 219 
36.4 | 218 
36.2 | 217 
36.0 | 216 
35.8 | 215 
3527 214 
85.5 f° 213 
35.3 | 212 
35.1} 211 
34.9 | 210 
34.8 | 209 
34.6 | 208 
Bee Peet! 
34.2 | 205 
34.1 | 204 
33.9 | 208 
83.7 | 202 
33.6 | 201 
33.4 200 
33.2 199 
33.1] 198 
32.9 | 198 
32.8 | 197 
82.6 196 
32.4 195 
32.3 |. 194 
32.1 193 
32.0 | 192 
31.8 191 
31.7} 190 
31.5 } 189 
31.4 188 
31.2 | 187 
31.1 | 186 
30.9 | 185 
30.8 | 185 
30.6 | 184 
30.5 | 183 
30.3 | 182 
30.2} 181 
30.0 | 180 
29.9 | 179 
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TABLE I—(Continued). 
Brinell Hard- Brinell Hard- Brinell Hard- Brinell Hard- Brinell Hard- 
Diam- | ness Number |} Diam- | ness Number ness Number |} Diam- | ness Number || Diam- | ness Number 
- eter of eter of eter of eter of 
Inden- Inden- Inden- Inden- 
tation, | 500- | 3000- || tation, | 500- 500- | 3000- || tation, | 500- | 3000- || tation, | 500- | 3000- 
mm. | kg. ke. || mm. | kg. kg. kg. || mm. | kg. kg. || mm. | kg. kg. 
Load | Loa Load Load | Load Load | Load Load | Loa 
4.50 | 29.8 179 5.00 | 23.8 19.3 | 116 6.00 | 15.9 | 95.5 6.50 | 13.3 | 79.6 
Adel 2OLOy aes ee GOL. | Q3u7 19.2 | 115 6.01 | 15.9 | 95.1} 6.51 | 13.2 | 79.3 
4.52 | 29.5 | 177 }| 5.02 | 23.6 19.2 | 115 6.02 | 15.8 | 94.8] 6.52 | 13.2 | 79.0 
4.53 | 29.3 | 176} 5.03 | 238.5 19.1 | 114 6.03 | 15.7 | 94.4] 6.53 | 13.1 | 78.7 
454] 29.2] 175] 5.04 | 23.4 19.0 | 114 6.04 | 15.7 | 94.1} 6.54 ] 13.1 | 78.4 
4.55 | 29.1 1746.05 | 237.3 18.9 | 114 6.05 | 15.6 } 93.7 | 6.55 | 13.0 | 78.2 
4.56 | 28.9 | 174] 5.06 | 23.2 18.9 | 113 6.06 | 15.6 | 93.4] 6.56 | 13.0 | 77.9 
Mea 28. Sie 1 coped. 07 |} 23.1 18.8 | 113 6.07 | 15.5 | 93.0 |} 6.57 | 12.9 | 77.6 
4.58 | 28.7 | 172] 5.08 | 23.0 18.7 | 112 6.08 | 15.4 | 92.7 | 6.58 | 12.9 | 77.3 
4.59 | 28.5 | 171 1 5.09 | 22.9 18.6 } 112 6.09 | 15.4 | 92.3 | 6.59 | 12.8] 77.1 
4.60 | 28.4] 170} 5.10 | 22.8 18.6 } 111 6.10 | 15.3 | 92.0 || 6.60 | 12.8 | 76.8 
4.61 | 28.3 | 170} 5.11 | 22.7 US opel) 6.11 |] 15.3 | 91.7 || 6.61 | 12.8] 76.5 
4.62 | 28.1] 169} 5.12 | 22.6 18.4 } 110 6.12 | 15.2 | 91.3 | 6.62 | 12.7] 76.2 
4.63 | 28.0 | 168 }} 5.13 | 22.5 18.3 | 110 6.13 | 15.2 } 91.0 | 6.63 | 12.7} 76.0 
4.64 | 27.9 |] 167} 5.14 | 22.4 18.3 | 110 6.14 | 15.1 | 90.6 |) 6.64 | 12.6 | 75.7 
4.65 | 27.8 |] 167 ||. 5.15 | 22.3 18.2 | 109 6.15 | 15.1 | 90.3 | 6.65 | 12.6} 75.4 
4.66 | 27.6} 166} 5.16 } 22.2 18.1 | 109 6.16 | 15.0 | 90.0 |) 6.66 | 12.5 | 75.2 
4.67 | 27.5 | 165 || 5.17 4.22.1 18.1 } 108 6.17 | 14.9 | 89.6 |) 6.67 | 12.5 | 74.9 
4.68 | 27.4} 164 |] 5.18 | 22.0 18.0 } 108 6.18 | 14.9 | 89.3 || 6.68 | 12.4 | 74.7 
4.69 | 27.8} 164] 5.19 | 21.9 17.9 | 107 6.19 | 14.8 | 89.0 | 6.69 | 12.4 | 74.4 
4.70 | 27.1 | 163 |) 5.20 | 21.8 17.8 | 107 6.20 | 14.8 |] 88.7 || 6.70 | 12.4] 74.1 
4.71 1 27.0 |. 162.) 5.21 |.21.7 17.8 | 107 6.21 | 14.7 | 88.3 |}. 6.71 | 12.3 | 73.9 
4.72 426.9] 161 |} 5.22 | 21.6 17.7 | 106 6.22 (else (88.0 Wn 6720} 1 26sel 73.6 
4.73 | 26.8] 161 || 5.23 | 21.6 17.6 | 106 Gx23' 4} AR OMSTe a i Gevontmbarat | wpaed 
4.74] 26.6} 160) 5.24 | 21.5 17.6 | 105 6.24 | 14.6 | 87.4 |} 6.74 | 12.2 | 73.1 
4.75 | 26.5] 159) 5.25] 21.4 17.5 | 105 6.25 | 14.5 | 87.1] 6.75 | 12.1 | 72.8 
4.76 1'26.4 | 158°) 5.26 | 21.3 17.4 | 105 6.26 | 14.5 | 86.7 |) 6.76 | 12.1 | 72.6 
4.77 126.3'1 158 || 5.27 | 21.2 17.4 | 104 6.27 | 14.4 | 86.4] 6.77 | 12.1 | 72.3 
4.78 | 26.2 | 157] 5.28 | 21.1 17.3 | 104 6.28 | 14.4 |] 86.1 | 6.78 | 12.0 | 72.1 
4.79 | 26.1 156 |} 5.29 | 21.0 17.2} 103 6.29 | 14.3 | 85.8 | 6.79 | 12.0 | 71.8 
4.80 | 25.9] 156] 5.30] 20.9 17.2 | 108 6.30 | 14.2 | 85.5 || 6.80} 11.9 | 71.6 
4.81} 25.8} 155} 5.31 | 20.9 17.1 | 108 6.31 | 14.2 | 85.2 | 6.81 | 11.9 | 71.3 
4.92 | 25.7] 154] 5.32 | 20.8 17 102 6.32 | 14.1 | 84.9 | 6.82 | 11.8 } 72.1 
4.83 | 25.6] 154} 5.33 | 20.7 17.0 } 102 6.33 | 14.1 | 84.6] 6.83 } 11.8 | 70.8 
4.84] 25.5] 153] 5.34 | 20.6 16.9 } 101 6.34 | 14.0 | 84.3 | 6.84] 11.8 | 70.6 
4.85 | 25.4] 152) 5.85 | 20.5 16.8 } 101 6.35 | 14.0 | 84.0 } 6.85 | 11.7 | 70.4 
4.86 | 25.3 | 152 }) 5.86 | 20.4: 16.8 } 101 6.36 | 13.9 | 83.7 || 6.86 | 11.7 | 70.1 
4.87] 25.1] 151 | 5.37 | 20.3 16.7 | 100 6.37 | 13.9 | 83.4 | 6.87 | 11.6 | 69.9 
4.88 | 25.0} 150} 5.38 | 20.3 16.7 | 99.9) 6.388 | 13.8 | 83.1 6.88 | 11.6 | 69.6 
4.89 | 24.9 | 150] 5.89 | 20.2 16.6} 99.5] 6.89 | 13.8 |] 82.8) 6.89 | 11.6] 69.4 
4.90 | 24.8] 149] 5.40} 20.1 16.5 | 99.2) 6.40 | 13.7 | 82.6 | 6.90 1 11.5 | 69.2 
4.91 | 24.7] 148 | 5.41 | 20.0 16.5} 98.8] 6.41} 13.7 | 82.2 | 6.91 | 11.5 | 68.9 
4.92 | 24.6] 148] 5.42 | 19.9 16.4} 98.4) 6.42 | 13.6} 81.9 | 6.92 | 11.4 | 68.7 
4.93 | 24.5] 147} 5.43 | 19.9 16.3 | 98.0) 6.43 | 18.6 | 81.6} 6.93 | 11.4 | 68.4 
4.94 | 24.4] 146] 5.44 | 19.8 16.3 | 97.7] 6.44} 18.5 | 81.3 || 6.94 | 11.4 | 68.2 
4.95 | 24.38} 146 ]| 5.45 | 19.7 16.2 | 97.3] 6.45 | 18.5 |} 81.0] 6.95 | 11.3 | 68.0 
4.96 } 24.2] 145 | 5.46 | 19.6 16.2} 96.9) 6.46 | 13.4 | 80.7 1 6.96 j 11.3 | 67.7 
4.97 | 24.1] 144} 5.47] 19.5 16.1] 96.6] 6.47 | 13.4 | 80.4 | 6.97 } 11.3 | 67.5 
4.98 | 24.0] 144] 5.48 | 19.5 16.0} 96.2) 6.48 | 13.4] 80.1] 6.98 | 11.2 | 67.3 
4.99 | 23.9] 143}. 5.49 | 19.4 16.0 | 95.9] 6.49 | 13.3 |] 79.8] 6.99 | 11.2 | 67.0 
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the piece opposite the impression, In any event the thickness of the 
specimen shall be at least 10 times the depth of impression. 

5. The surface on which the impression is to be made shall be 
filed, ground, machined, or polished with emery paper so that the 
edge of the impression shall be clearly enough defined to permit of 
the measurement of the diameter within 0.01 mm. (0.0004 in.). 


III. APPLICATION AND MAGNITUDE OF LOAD 


6. The load in the standard Brinell test shall be 3000 kg. for iron 
and steel and 500 kg. for brass, bronze and soft metals generally. 
NoTEe.—For extremely soft metals a load of 100 kg. is sometimes used. If for 
any reason it is necessary to use loads differing from those specified above, the load 
used should be specifically stated in the test report, conveniently as a subscript of 
the hardness numeral. 
7. (a) The load shall be applied steadily to the specimen without 
jerk. 
(6) The load shall be applied for at least 10 seconds in the case of 
iron and steel and for at least 30 seconds in the case of other metals.! 
(c) The center line of the applied load shall be far enough from 
any edge of the specimen so that when a straight-edge is applied to 
the edge after the load has been applied, the eye can detect no 
bulge in the edge due to the load and the resulting impression. 


IV. MEASUREMENT OF IMPRESSION 


8. In the standard Brinell hardness test the diameter of the im- 
pression shall be measured. 

9. When a micrometer microscope is used to measure the diameter 
of the impression the sharpness of definition of the edge of the impres- 
sion can be increased by the use of a movable lamp for illuminating 
the specimen, placing the lamp so that the contrast of light and shade 
will bring first one edge of the impression, then the other into sharp 
definition. In-testing very hard material, the sharpness of defini- 
tion of the impression can be somewhat increased by the use of a ball 
lightly etched with nitric acid, or by the use of some pigment, such as 
Prussian blue, on the ball. In testing material in which there is con- 
siderable recovery of shape, the material may first be coated with a 
dull black pigment, such as drawing ink or a mixture of graphite and 
alcohol. The edge of the impression is rendered clear on a surface so 
coated. 


1It was suggested in discussion that for magnesium and magnesium alloys the minimum time of 
application be 2 minutes. It was also suggested that for any given soft metal a definite time for hold- 
ing the load be specified rather thana minimum time. See discussion of the Report of Committee E-1, 
Proceedings, Am. Soc. Testing Mats., Vol. 24, Part 1, pp. 729 and 730 (1924). 
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BRINELL HARDNESS TESTS IN WHICH DEPTH OF IMPRESSION IS MEASURED 
IN PLACE OF DIAMETER 


When it is necessary to make Brinell hardness tests very rapidly, as is 
sometimes the case when the Brinell test is used as a control test for the output 
of a heat-treating furnace, the depth of impression under load, or after the 
release of load, can be measured more expeditiously than the diameter of im- 
pression. The depth of impression is usually determined from the relative 
motion of the plunger carrying the ball and the specimen. This method of 
determining Brinell hardness is not to be regarded as a standard method, and 
when requirements of speed necessitate its use, the Brinell hardness number 
should not be determined from the geometrical relation of depth of impression 
to diameter, based on the assumption that the impression has a spherical 
surface. In such tests the relation between the Brinell hardness number and 
depth of impression may be determined with a fair degree of accuracy from 
tests on specimens of material of different degrees of hardness, several impres- 
sions being made on each specimen, and the depth under load, or the depth on 
release of load, and the diameter of impression after release of load being 
measured for each impression. By the use of a diagram or by interpolation, 
a table giving the Brinell hardness number for a given depth of impression can 
be prepared. 


V. CALIBRATION OF BRINELL HARDNESS TESTING APPARATUS 


10. A load-measuring device which is in common use for Brinell 
hardness testing machines involves the measurement of fluid pressure 
on a piston of known diameter, working in a cylinder with so perfect 
a fit that packing is not necessary. To this piston is attached the 
ball. Other load-measuring devices use combinations of weights and 
levers. ‘The use of dead weights acting on a small piston is to be pre- 
ferred to the ordinary Bourdon gage for measuring the intensity of 
fluid pressure. 

11. The load-measuring device of a Brinell hardness testing 
machine may be calibrated by the use of dead weights, or by the use 
of dead weights and proving levers or by an elastic calibration bar 
or spring, in the manner described in the Standard Methods of Veri- 
fication of Testing Machines (Serial Designation: E 4) of the Ameri- 
can Society for Testing Materials.1 

12. The load-measuring device of a Brinell hardness testing 
machine may be calibrated by making a series of impressions on speci- 
mens of different degrees of hardness, measuring the diameters of the 
impressions, making a second series of impressions by the use of any 
standardized testing machine and standard steel ball, and, using the 
same measuring device as for the first series of impressions, measuring 
the diameters of this second series of impressions. ‘The error of the 
machine under calibration can be determined by the relative average 

"11924 Book of A.S.T.M. Standards. Seealso J. L. Jonesand C. H. Marshall, ‘‘A New Method 


for Calibrating Brinell Hardness Testing Machines,’’ Proceedings, Am. Soc. Testing Mats., Vol. XX, 
Part II, p. 392 (1920). 
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values of the hardness numbers determined by its use and by the use 
of the standardized testing machine. 

13. When the above companion-impression method of calibrating 
a Brinell hardness testing machine is used it is recommended that the 
specimens used be approximately 1 by 1 by 12 in. in size, and that 
specimens with as wide a range of hardness as is feasible be used. It 
is recommended that impressions made by the machine under cali- 
bration be spaced about 2.5 in. apart along the specimen, and that the 
impressions made by the standardized testing machine be spaced 
alternately along the length of the specimen with the impressions 
made by the machine under calibration. 

14. If any determination of hardness, either for the machine 
under calibration or for the standard machine differs by more than 
2 per cent from the mean of the four determinations made with that 
machine it 1s recommended that such determination be discarded. 
If two determinations differ more than 2 per cent from the mean the 
whole series should be discarded. 

15. A Brinell hardness testing machine is acceptable for use over 
a loading range within which its load-measuring device is correct 
within 3 per cent. 

16. The micrometer microscope or other device for measuring 
diameter of impression may be calibrated by using it to measure 
lengths on a standard steel or glass scale. ‘The eye piece of a microm- 
eter microscope should be adjusted so that throughout the range 
covered the error of reading does not exceed 0.01 mm. 


TENTATIVE METHOD OF VERIFICATION OF TESTING 
MACHINES BY MEANS OF AN ELASTIC 
CALIBRATION BAR! 


Serial Designation: E 4-24 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It isnot a Standard of the Society and is subject to annual revision. 


ISSUED, 1924 


‘1. In this method the testing machine to be verified is tested by 
comparing its load indications with the amount of elastic deformation 
of a calibration bar, the deformation being measured with a delicate 
strainometer. 

2. The calibration bar may be either a bar tested in tension or in 
compression and it shall be fitted with spherical-seated shackles or 
with a spherical-seated bearing block to insure as nearly axial loading 
asis possible. ‘The arrangement shown in Fig. 1 or Fig. 2 is suggested 
for tension bars and the arrangement shown in Fig. 3 is suggested for 
compression bars. 

3. (a) The calibration bar shall be of such size that under the 
greatest load for which the bar is to be used (called its full load) the 
stress on any cross-section will not be more than 80 per cent of the 
elastic limit of the material, as determined in accordance with Method 
II for the Determination of Elastic Limit as described under the defi- 
nition of the term ‘Elastic Limit” of the Tentative Definitions of 
Terms Relating to Methods of Testing (Serial Designation: E 6 — 25 T) 
of the American Society for Testing Materials? on a test specimen cut 
from the end of the bar after its final heat treatment. 

(b) Before the calibration bar is used for verification purposes, 
it shall be loaded to its full load at least six times, and between suc- 
vessive loadings it shall be heated to a temperature of 100° C. (212° F.) 
for a period of thirty minutes or shall be allowed to rest for a period 
of 24 hours. The object of this treatment is to adjust the bar to its 
bearings and to relieve internal strain. 

4. The loading range of a calibration bar is the range of indicated 
loads for which the bar gives results within specified tolerances. 

1 This Tentative Method, when adopted as standard, will become a part of the present Standard 
Methods of Verification of Testing Machines (Serial Designation: E 4-24), 1924 Book of A.S.T.M. 
Standards. 

Criticisms of this Tentative Method are solicited and should be directed to Mr. H. F. Moore, 
Chairman of Sub-Committee, of Committee E-1, on Mechanical Testing of Metallic Materials, Uni- 
versity of Illinois, Urbana, III. 


2 See p. 798. 
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Obviously, the loading range may not include loads either greater 
than the largest load or less than the smallest load applied in verifying 
the calibration bar. 

5. (a) The loading range of a calibration bar shall be determined 
by verifying its indications by the use of standard weights or by 
standard weights and proving levers. In verifying the indications of 
the bar, an initial load of 1 per cent of its full load shall first be applied. 
All changes of strainometer reading and of applied load shall be 
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reckoned from the readings at this initial load. Successive loads shall 
be applied, a recommended series of loads being 10, 20, 50 and 100 
per cent of the full load of the bar. Such a series shall be applied to 
the bar at least five times to determine the relation of applied load to 
strainometer reading, the shackles or bearing blocks being Berge tt 
before each application of the series. 

(b) The average of the five (or more) strainometer recat 
obtained in this way shall be taken for each load applied. The aver- 
age of the differences (taken without regard to algebraic sign) between 
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the individual strainometer readings for any load and the mean reading 
for that load constitutes the average deviation for that load. The 
lowest value of load for which the average deviation is not greater 
than 0.5 per cent of the strain for that load is the lower limit of the 
loading range of the calibration bar. 

6. The strainometer shall be permanently attached to the cali- 
bration bar and shall be so designed as to indicate the average 
elongation or compression of the bar. The strainometer shall be 
sufficiently sensitive to indicate a change of 0.25 per cent of the 
minimum load in the loading range of the bar. 4 


Cross~Head of 
Testing Machine 


Center of 
Spherical Surtace 


_- Bearing Block 


Weighing Table_of 
Testing Machine. 
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7. In using the calibration bar it is important that just previous 
to taking any reading, including the initial reading of a series, there 
shall be no reversal in the direction of motion of the indicating mechan- 
ism of the strainometer, because such reversal may introduce error 
due to backlash in the instrument. That is, when taking readings 
for a series of increasing loads the load should be brought up to each 
predetermined test load, and when taking readings for a series of 
decreasing loads the load should be brought down to each predeter- 
mined test load. | 

8. The calibration bar shall be used at a temperature between 
10 and 32° C. (50 and 90° F.). 


TENTATIVE DEFINITIONS OF TERMS RELATING TO 
METHODS OF TESTING! 


Serial Designation: E 6-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to revision. 


ISSUED, 1923; REVISED, 1924, 1925. 


Stress.—The intensity (measured per unit area) of the internal dis- 
tributed forces or components of force which resist a change 
in the form of a body. Stress is measured in force per unit area 
(pounds per square inch, kilograms per square millimeter, etc.). 


NoTe.—In examining the definitions given in various authoritative text- 
books two definitions of the term ‘“‘stress’’ were found. Text-books in physics 
and some European text-books in mechanics of materials gave a definition 
substantially as above. American text-books in engineering mechanics define 
stress as a force, measured in pounds. They call the intensity of force (pounds 
per square inch) ‘“‘unit stress,” “‘intensity of stress,” or “‘fiber stress.” This 
use of the term stress is illustrated by the ‘“‘stress sheet’ of the bridge engineer 
which gives forces, measured in pounds, 

In view of the fact that even in engineering text-books the term “‘stress"’ 
is often used to denote intensity of force per unit of area, and in view of the 
fact that the physicists’ definitions involve somewhat simpler terms, the 
physicists’ definitions have been followed in these standards. 

While it is important to have a clear definition for the term “‘stress”’ it 
is even more important to keep clearly in mind the units used in computations 
and test data for materials of construction. In fact, if the units are always 
given, there can be no misunderstanding as to the sense in which the term 
“stress’’ is used. ; 

There are three kinds of stress: tensile, compressive, and shearing. 
Flexure involves the combination of tensile stress and compressive stress. 
Torsion involves shearing stress. 

It is customary to compute stress on the basis of the original dimensions 
of the cross-section of the body. 


Strain.—The change per unit of length in a linear dimension of a 
body, which change accompanies a stress. Strain is measured 
in inches per inch of length (millimeters per millimeter). 


Note.—In American engineering text-books the term ‘‘strain”’ is used in 
the sense of total deformation and is measured in inches. Change of dimen- 


1 Criticisms of these Tentative Definitions are solicited and should be directed to Mr. H. F. Moore, 
Chairman of Sub-Committee, of Committee E-1, on Mechanical Testing of Metallic Materials, Uni- 
versity of Illinois, Urbana, IIl. 

These definitions are in effect a revision of the definitions of terms appearing in the Standard 
Methods of Mechanical Testing of Metallic Materials. The standard methods, which were last 
published under the Serial Designation: E 1-18, have accordingly been withdrawn. 
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sion per unit length is called ‘‘unit-strain,” or ‘unit deformation.” As in the 
consideration of the term ‘“‘stress,’’ the definitions given in text-books in 
physics have been followed. 

Under tensile stress or compressive stress, strain is measured along the 
dimension under consideration. Shearing strain is measured at right angles 
to the dimension under consideration. In torsion tests, which involve shearing 
stress, it is customary to measure the angle of twist, which may be translated 
into terms of strain. 


Stress-Strain Diagram.—A diagram plotted with values of stress as 
ordinates and values of strain as abscissas. 


Note.—The use of the term stress-strain diagram is frequently extended 
to cover diagrams plotted with values of applied load, or applied moment as 
ordinates, and with values of stretch, compression, deflection, or twist as 
abscissas. 


Fig. 1 is an example of a stress-strain diagram. 

Stress-strain diagrams are in some cases drawn directly by an autographic 
attachment to the testing machine. A more usual method of procedure con- 
sists in taking a series of load readings (from the balanced scale beam of the 
testing machine) with corresponding readings of the strain-indicating apparatus 
(extensometer, compressometer, deflectometer, or torsion indicator). The 
term “‘strainometer reading’’ will be used to denote the reading of any strain- 
measuring instrument. From these readings, or from values computed from 
them, there is plotted a diagram with stress-indicating values (load, flexural 
moment, twisting moment, or stress) as ordinates, and strain-indicating values 
(elongation, shortening, deflection, twist, or strain) as abscissas. In planning 
such a test it is necessary to decide on the increment of load or the increment 
of reading of strainometer to be used between successive readings. 

In Fig. 2 are shown three typical stress-strain diagrams. The material for 
all three tests is the same, and the test specimens are all of the same size, so that 
the diagrams should be the same. The diagram shown in Fig. 2 (a) is plotted 
from points determined by taking increments of load (S). In this diagram 
it is seen that owing to the shape of the curve, data for locating points between 
M and N are lacking. That particular portion of the curve (the ‘‘knee’’ of the 
curve) is the part for which it is especially desirable to locate several points on 
the diagram. 

In Fig. 2 (b) is shown a diagram plotted from points determined by taking 
increments of strainometer reading (e). It will be noted that for this diagram 
there are located several points near the knee of the curve, and the shape of 
the diagram in this important region is much more definitely determined than 
for the curve shown in Fig. 2 (a), 

The custom of choosing increments of load rather than increments of 
strainometer reading is quite common in tests of materials and is followed 
because, in general, it is easier to compute increments of load than it is to 
compute increments of strainometer reading. An estimate of the load neces- 
sary to stress the specimen up to the knee of the curve is made and some 
fraction. (frequently one-tenth) of this value is taken as an increment. The 
computation of the corresponding increment of strainometer reading is more 
complicated. 
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Fic. 1.—A Typical Stress-Strain Diagram. 
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Fic. 2.—Illustrating Three Methods of Plotting Load-Deformation Curves. 
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Strain or Strainometer Reading 


Fic. 3.—Illustrating Method II for Determining Elastic Limit. 
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Sometimes the practice is followed of applying a few increments of load 
as determined above, and then applying load in much smaller increments (.S’) 
until the knee of the curve is passed. Fig. 2 (c) shows a diagram obtained 
in this manner. This method involves a marked increase in the number of 
readings necessary for a test and with unknown material there is always some 
danger that the knee of the curve will be reached before the use of small incre- 
ments of load is begun. 

The following method of choosing increments for a test is suggested: 
Estimate the load corresponding to the knee of the stress-strain diagram and 
choose a value for increment of load about one-tenth of this value. Apply 
this increment of load (S) once and note the corresponding change of reading 
for the strainometer (e). Then for the remainder of the test, use for the incre- 
ment of strainometer reading a value which corresponds to some convenient 
interval on the scale of the strainometer, and which is approximately equal to (e). 


Elastic Limit.—The greatest stress which a material is capable of 
developing without a permanent deformation remaining upon 
complete release of the stress. 


Note.—In certain specifications of the Society the term ‘‘elastic limit’’ is 
used to designate a value obtained by a test method which does not involve the 
release of stress during a test, but which does involve the determination of a 
limiting load at which there occurs an appreciable change in rate of strain with 
respect to stress. This limit is frequently given the name “ proportional limit”’ 
(or ‘proportional elastic limit’’), and the following definition may be given: 

Proportional Limit.—The greatest stress which a material is capable of 

developing without a deviation from the law of proportionality of 
stress to strain (Hooke’s Law). 

It is a matter of experience with many materials, especially with many 
metallic materials, that using ordinary methods of testing, the values found for 
elastic limit by means of observations of permanent deformation (set) after 
release of stress do not differ widely from the values found for proportional 
limit. Since the determination of proportional limit is much more readily 
made than is the determination of elastic limit it is customary to accept the 
proportional limit as equivalent to the elastic limit for such materials. 

Using any known method, the value determined either for proportional 
limit or for elastic limit is somewhat arbitrary; the value depends on various 
test conditions, among them precision of apparatus, the scales to which stress- 
strain diagrams may be plotted, and the tolerance allowed before it is judged 
that there exists an appreciable deviation from the law of proportionality of 
stress to strain or an appreciable permanent deformation (set) upon release of 
stress. 

In connection with this note on elastic limit and proportional limit, it 
seems proper to consider the action of a material under steadily increasing 
stress, and to discuss briefly five stages which may be distinguished between 
the first application of stress and fracture of the metal. Not all materials 
show all five stages, and for a material the end of one stage and the beginning 
of the next stage are not always marked. 

In the first stage (OA, Fig. 4), with the use of measuring instruments of 
ordinary sensitiveness, deviations from the law of proportionality of stress to 
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strain (Hooke’s Law) will not be detected, nor will there be detected set after 


release of stress. 

In the second stage (AB, Fig. 4) as stress increases there is detected an 
appreciable and growing deviation from the law of proportionality of stress to 
This is usually accompanied by an appreciable and growing permanent 
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deformation (set) after release of stress, although for some materials (e.g., 
rubber) measurable permanent deformation may not occur after release of 
stress exceeding the proportional limit. Values for elastic limit and for pro- 
portional limit are found in this second stage. 

The third stage (BC, Fig. 4) is characteristic of ductile metals. In this 
stage, strain increases without any increase of stress, and in some cases increase 
of strain is accompanied by an actual decrease of stress. The yield point is 


found at the beginning of this stage (at B, Fig. 4). 
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In the fourth stage (CD, Fig. 4) stress and strain both increase up to the 
maximum stress carried (D, Fig. 4, which eis the tensile strength in a tension 
test of a material). 

In the fifth stage (DE, Fig. 4) strain increases while stress diminishes 
from the maximum value (D, Fig. 4) to fracture (EZ, Fig. 4). In considering 
each of these stages it is important to note that stress is computed on the basis 
of original cross-section of specimen. 

Many materials, especially brittle materials, do not exhibit all the above- 
mentioned stages. Some (e.g., glass and fused quartz) show only the first 
stage. Fig. 5 gives a representative stress-stain diagram for such materials. 
Some materials (e.g., cast iron) show only the second stage, and Fig. 6 shows 
a typical stress-strain diagram for such materials. Some materials (e.g., 
medium-hard steel) do not show the third stage, and the second stage merges 
into the fourth stage. Fig. 7 shows a typical stress-strain diagram for such 
materials. The fifth stage is absent in many materials; it is, in fact, character- 
istic of ductile metals only. 

The following methods of test are, strictly speaking, methods of deter- 
mining proportional limit with various degrees of precision. However, the 
values determined by these methods may, for certain materials, be regarded as 
satisfactory and reliable values for the elastic limit, and they are therefore so 
used in certain specifications of the Society. 

Method I. (For tension tests only, proposed by Committee A-1 on Steel, 
and embodied in a number of specifications for steel.) The elastic limit shall 
be determined by an extensometer reading to 0.0002 in. The extensometer 
shall be attached to the specimen at the gage marks and not to the shoulders 
of the specimen nor to any part of the testing machine. When the specimen 
is in place and the extensometer attached, the testing machine shall be operated 
so as to increase the load on the specimen at a uniform rate. The observer 
shall watch the elongation of the specimen as shown by the extensometer and 
shall note, for this determination, the load at which the rate of elongation 
shows a sudden increase. The extensometer may then be removed from the 
specimen and the test continued to determine the tensile strength. 

Method II (proposed by the late J. B. Johnson) is a somewhat more deli- 
cate method for locating the elastic limit than is Method I. In Method II, 
the elastic limit shall be taken as that stress at which the rate of deformation 
is 50 per cent greater than the initial rate of deformation. A stress-strain 
diagram is necessary for determining the elastic limit by Method II. Fig. 3 
illustrates the use of Method II. The initial rate of deformation is given 
by the ratio mn: Om. nq = 0.5 mn, mq = 1.5 mn, and the slope of Og repre- 
sents a rate of deformation 50 per cent greater than the initial rate. O’g’ is 
drawn parallel to Og and tangent to the stress-strain diagram. The point of 
tangency J locates the elastic limit. In using Method II the same precautions 
should be observed in attaching the strainometer as for the determination of 
the elastic limit by Method I. Method II, if used for tension tests of metals, 
gives lower values for the elastic limit than does Method I. It is recom- 
mended that in using Method II for tension tests the strainometer be of such 
sensitiveness that it will indicate a change of strain of 0.0001 in. per inch 
of gage length (0.0001 mm. per millimeter of gage length) and that a corre- 
sponding degree of sensitiveness be required for strainometers used for com- 
pression tests, for flexure tests, and for torsion tests. 
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When it is desired to determine the elastic limit with a high degree of 
precision, it is suggested that the experimenter devise his own procedure, and ~ 
in reporting his results describe the procedure in detail, including a statement 
of the limits of sensitiveness of the apparatus used and of the procedure used 
in plotting the stress-strain diagram from which the determination of elastic 
limit is made. It is to be remembered that the accurate determination of the 
elastic limit requires the use of accurate and sensitive instruments and the 
use of accurate methods of plotting test data. 


Yield Point.—The stress in a material at which there occurs a marked 
increase in strain without an increase in stress. 


NoTE.—Some metals do not show a clearly defined yield point. 

Two methods are in use for determining the yield point: (I) The ‘drop 
of the beam” method, and (II) the method by use of dividers. In Method I, 
load is applied to the specimen at a steady rate of increase and the operator 
keeps the beam in balance by running out the poise at a steady rate. At the 
yield point the increase of load stops, but the operator, running out the poise 
at a steady rate, runs it a trifle beyond the balance position, and the beam of 
the machine drops for a brief but appreciable interval of time. In a machine 
fitted with a self-indicating load-measuring device there is a sudden halt of 
the load-indicating pointer, corresponding to the drop of the beam. The 
load at the “halt” or the ‘‘drop” is recorded, and the corresponding stress 
is taken as the yield point. This method of determining the yield point 
requires only one man to conduct a test. 

In Method II, an observer with a pair of dividers watches for visible 
elongation between two section marks on the specimens. When visible stretch 
is observed, the load at that instant is noted, and the stress corresponding 
to the load is taken as the yield point. When a strainometer! is used in 
place of dividers a deformation of 0.01 in. over a gage length of 2 in. shall be 
‘regarded as indicating the yield point. 


Tensile Strength—The maximum tensile stress which a material is — 
capable of developing. 


NoTe.—In practice, it is considered to be the maximum stress carried by 
a specimen representing the material in a tension test to rupture, under 
definite prescribed conditions. Tensile strength is computed from the maxi- 
mum load carried during a tension test and the original cross-sectional area 
of the specimen. 


Compressive Strength—The maximum compressive stress which a 
material is capable of developing. 


Note.—In the case of a material which fails in compression by a shatter- 
ing fracture the compressive strength has a very definite value. In the case of 


1 The determintion of yield point with a strainometer is sometimes made in tests on non-ferrous 
metals. 
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materials which do not fail in compression by a shattering fracture the value 
obtained for compressive strength is an arbitrary value depending upon the 
degree of distortion which is regarded as indicating complete failure of the 
metal. 


Modulus of Elasticity.—The ratio, within the elastic limit of a material, 
of stress to corresponding strain. 


Note.—As there are three kinds of stress, so are there three moduli of 
elasticity for any material: the modulus in tension, the modulus in com- 
pression, and the modulus in shear. The value of the modulus of elasticity in 
tension is nearly the same, for most metals, as the value of the modulus of, 
elasticity in compression. The value of the modulus of elasticity in shear is 
smaller than the value of the modulus of elasticity in tension. The modulus 
of elasticity is expressed in pounds per square inch (kilograms per square 
millimeter). 


TENTATIVE DEFINITIONS OF TERMS RELATING TO 
SPECIFIC GRAVITY} 


Serial Designation: E 12-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. Itis nota Standard of the Society and is subject to annual revision. 


IssUED, 1925 


1. Absolute Specific Gravity (of solids and liquids).—The ratio of 
the weight referred to vacuum of a given volume of the material at 
a stated temperature to the weight referred to vacuum of an equal 
volume of gas-free distilled water? at a stated temperature. It shall 
be stated thus: 


(a) When the temperature of the material and that of the 
water are the same: 
Absolute Specific Gravity x7..C.. ee j 


where # is the temperature of the material and the water. 
(b) When the temperature of the material and that of the 
water are not the same: 


C 
Absolute Specific Gravity ae Desi eats ; 
xy e 


where x is the temperature of the material and y the 
temperature of the water. 


2. Specific Gravity (of solids and liquids)—The ratio of the 
weight in air of a given volume of the material at a stated temperature 
to the weight in air of an equal volume of distilled water at a stated 
temperature. It shall be stated thus: 


(a) When the temperature of the material xnd that of the 
water are the same: 
ppecilic. Gravity oc Cele ee 4 


where «x is the temperature of the material and the water. 
(6) When the temperature of the material and that of the 
water are not the same: 
La é 
fs he NE ET ‘ 
where «x is the temperature of the material and y is the 
temperature of the water. 


1 Criticisms of these Tentative Definitions are solicted and should be directed to Mr. F. M. 
Farmer, Chairman of Sub-Committee, of Committee E-8, on Definition of Specific Gravity, Elec- 
trical Testing Laboratories, Eightieth Street and East End Ave., New York City. 

2 Distilled water boiled vigorously in vacuum. 
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3. Apparent Specific Gravity (of solids).—The ratio of the weight 
in air of a given volume of the impermeable portion of a permeable 
material (that is, the solid matter including its impermeable pores 
or voids) at a stated temperature to the weight in air of an equal 
volume of distilled water at a stated temperature. It shall be stated 
thus: 

(a) When the temperature of the material and that of the 
water are the same: 
Apparent Specific Gravity x° C., ................. ; 


where x is the temperature of the material and the water. 
(b) When the temperature of the material and that of the 
water are not the same: 


ne Oe 
Apparent Specific Gravity 
BY 


where x is the temperature of the material and y is the 
temperature of the water. 


Note.—In scientific circles, specific gravity and density determinations made in 
air (that is, uncorrected to vacuum) are frequently distinguished by the adjective 
‘“‘apparent.”’ Thus, the specific gravity defined by definition No. 2 would be desig- 
nated as ‘‘apparent specific gravity’ and that defined by definition No. 1 as “‘specific 
gravity.” But in industry, the terminology is more generally in accordance with 
that given in these definitions. 


4. Bulk Specific Gravity (of solids) —The ratio of the weight in 
air of a given volume of a permeable material (including both permeable 
and impermeable voids normal to the material) at a stated tempera- 
ture to the weight in air of an equal volume of distilled water at a 
stated temperature. It shall be stated thus: 

(a) When the temperature of the material and that of the 
water are the same: 
Bulk Speciine Carastty o71C) aA tn , 


where «x is the temperature of the material and the water. 
(b) When the temperature of the material and that of the 
water are not the same: 
tea Mees 
VaC waa ak : 
where «x is the temperature of the material and y is the 
temperature of the water. 


Bulk Specific Gravity 


NotEs.—The terms ‘‘permeable’”’ and ‘“‘impermeable”’ cannot be rigidly defined 
for general application. The exact meaning in a particular application is the con- 
ventional one inferred by the procedure specified for determining the specific gravity 
of the material in question. 

It is obvious that in the interest of standardization and simplification, the first 
form of statement of specific gravity (a) should be employed whenever possible. 


TENTATIVE DEFINITION OF THE TERM SCREEN 
(SIEVE)! 


Serial Designation: E 13-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criti- 
cism and-suggestions. It is not a Standard of the Society and is subject to annual 
revision. 

IssuED, 1925 


Screen (Sieve).—A plate or sheet or a woven cloth, with regularly 
spaced apertures of uniform size, mounted on a suitable frame or 
holder, for use in separating materials according to size. 

Notre.—The shape and spacing of apertures, size of wires or threads, thickness 


of plate or sheet, allowable variations and similar properties, should be taken care 
of in specifications. 


1 Criticisms of this Tentative Definition are solicited and should be directed to Mr. L. R. Ferguson, 
Chairman of the Sub-Committee, of Committee E-8, on Definitions of Sieve and Screen, 342 Mad- 
ison Ave., New York City. 
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TENTATIVE RECOMMENDED PRACTICE 
FOR 


THERMAL ANALYSIS OF STEEL! 
Serial Designation: E 14-25 T 


This is a Tentative Standard only, published for the purpose of eliciting criticism 
and suggestions. It is not a Standard of the Society and is subject to annual revision. 


IssuED, 1925. 


iz? APPARATUS 


1. The apparatus required for thermal analysis consists of a 
furnace for heating the specimen, a thermocouple, a potentiometer 
or galvanometer for measuring small changes in e. m. f. and a stop- 
watch or chronometer. 

2. An electric-resistance furnace provided with a means of accu- 
rate and smooth temperature control should be used. A furnace of 
the Rosenhain type or U. S. Bureau of Standards modification, is 
recommended., A good furnace is essential for accurate results. A 
neutral or reducing atmosphere or partial vacuum is desirable to 
protect the specimen from excessive oxidation. 

3. The thermocouple may be of any approved type which has 
been calibrated either by the Bureau of Standards or against a 
secondary standard or by the melting point of pure metals (Tin 
Bo Omee er ead) 327.5 C.Zinc.419.4° C.. Aluminum’ 658.7" €., 
Silver 960.5° C., Copper 1083° C.). A charge of at least 60 g. of metal 
should be used.2, Base metal couples should not be used for tempera- 
tures exceeding 900° C. 

4. For recording data, a sensitive galvanometer or potentiometer 
and stop-watch or a recording galvanometer and a chronograph 
should be used. 


II. SPECIMENS 


5. The size of specimen must be governed by the kind of furnace 
and the sensitivity of the instruments used. About $ by }$ by 1 in. 
is satisfactory for most work. 


1 Criticisms of this Recomended Practice are solicited and should be directed to Mr. G. F. 
Comstock, Secretary of Committee E-4 on Metallography, 967 Harrison Ave,, Niagara Falls, N. Y. 
2 The couple should be inserted in the specimen, insulated from it with mica or asbestos. 
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The specimen should be normalized before making a thermal 
analysis. 
NotE—This requirements applies to routine work only. For special researches 
exception may be made. 
III. PROCEDURE 


6. The specimen should be heated and cooled at a uniform rate 
of from 5 to 10° C. (9 to 18° F.) per minute. 

7. The specimen should be heated to a temperature of 100° C. 
above the upper critical point and allowed to remain there fifteen 
minutes before cooling is begun. 

8. Data may be plotted as desired. The inverse rate method 
is the simplest and most satisfactory for all general purposes and the 
most generally used. 

In fixing the critical points, the temperature should be read at 
the cusp, or maximum point, of the inflection of the curve. 


TENTATIVE REVISIONS 


OF 


A.S.T.M. STANDARDS 


Tentative revisions of A.S.T.M. Standards are printed for 
one or more years with a view of eliciting criticisms, of which 
the committee concerned will take due cognizance before recom- 
mending final action. 

Members of the Society and others are invited to direct 
written criticisms of any of these Tentative Revisions to the 
officer of the appropriate committee, whose name and address 
appear in the footnote in connection with each revision. 


TENTATIVE REVISIONS OF A.S.T.M. STANDARDS 


A. FERROUS METALS 


STANDARD SPECIFICATIONS FOR CARBON-STEEL AND ALLOY- 
STEEL FORGINGS 


(SERIAL DESIGNATION: A 18-21)! 
STANDARD SPECIFICATIONS FOR QUENCHED-AND-TEMPERED 


CARBON-STEEL AXLES, SHAFTS, AND OTHER FORGINGS 
FOR LOCOMOTIVES AND CARS 


(SERIAL DESIGNATION: A 19-21)! 
STANDARD SPECIFICATIONS FOR CARBON-STEEL FORGINGS FOR 
LOCOMOTIVES 
(SERIAL DESIGNATION: A 20-21)! 
STANDARD SPECIFICATIONS FOR QUENCHED-AND-TEMPERED 


ALLOY-STEEL AXLES, SHAFTS, AND OTHER FORGINGS 
FOR LOCOMOTIVES AND CARS 


(SERIAL DESIGNATION: A 63-21)! 


In Specifications A 18-21 change Section 4, and in Specifica- 
tions A 20 — 21 change Section 5 from their present form: namely, 


‘““The manufacturer and the purchaser shall agree upon forgings on which 
a prolongation for test purposes shall be provided.” 


and in Specifications A 19-21 and A 63-21 change Section 4 from 
its present form: namely, 


‘“‘For test purposes, a prolongation shall be left on each forging, unless 
otherwise specified by the purchaser.” 


to read as follows: 


“Unless otherwise specified, for test purposes at least 20 per cent of the 
forgings shall be provided with prolongations or, at the manufacturer’s option, 
a forging may be selected.” 


In Specifications A 18-21 and A 20-21 change Section 17 (a), 
and in Specifications A 19-21 and A 63-21 change Section 19 (a) 
from their present form: namely, 


‘‘The inspector representing the purchaser shall tack free entry at all 
times while work on the contract of the purchaser is being performed, to all 


11924 Book of A.S.T.M. Standards. Criticisms of this revision are solicited and should be directed 
to Mr. G. H. Woodroffe, Secretary of Committee A-1 on Steel, Reading Iron Co., Reading, Pa. 
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parts of the manufacturer’s works which concern the manufacture of the forg- 
ings ordered. ‘The manufacturer shall afford the inspector, free of cost, all 
reasonable facilities to satisfy him that the forgings are being furnished in. 
accordance with these specifications. Tests and inspection at the place of 
manufacture shall be made prior to shipment.” 


to read as follows: 


‘“The inspector representing the purchaser shall have free entry, at all 
times while work on the contract of the purchaser is being performed, to all 
parts of the manufacturer’s works which concern the manufacture of the forg- 
ings ordered. The manufacturer shall afford the inspector, without charge, 
all reasonable facilities to satisfy him that the forgings are being furnished in 
accordance with these specifications. All tests (except check analyses) and 
inspection shall be made at the place of manufacture prior to shipment, unless 
otherwise specified, and shall be so conducted as not to interfere unnecessarily 
with the operation of the works.”’ 


STANDARD SPECIFICATIONS FOR CARBON-STEEL CAR AND 
TENDER AXLES 


(SERIAL DESIGNATION: A 21-18)! 


A revision in the form of separate tentative specifications entitled 
“Specifications for Carbon-Steel Car and Tender Axles (A 21 —- 25 T)’” 
is intended to replace the present standard specifications. 


STANDARD SPECIFICATIONS FOR WELDED AND SEAMLESS 
STEEL PIPE 


(SERIAL DESIGNATION: (A 53 -— 24)! 


Section 1.—Change from its present form: namely, 


‘These specifications cover ‘standard,’ ‘extra strong,’ and ‘double extra 
strong’ welded and seamless steel pipe. Pipe ordered under these specifica- 
tions is intended for bending, flanging and other special purposes.”’ 


to read as follows: 


** Scope.—These specifications cover ‘standard weight,’ ‘extra strong,’ and 
‘double extra strong’ welded and seamless steel pipe. Pipe ordered under 
these specifications is intended for coiling, bending, flanging and other special 
purposes. Butt-welded pipe is not intended for flanging.”’ 


STANDARD SPECIFICATIONS FOR LAP-WELDED AND SEAMLESS 
STEEL AND LAP-WELDED IRON BOILER TUBES 


(SERIAL DESIGNATION: A 83 — 24)! 


Section 16.—Insert a new Paragraph (e) to read as follows, 
relettering the subsequent paragraph accordingly: 

“‘(e) The gaging tolerances in Paragraphs (0), (c) and (d) apply only to 
tubes as rolled or drawn and before swaging and expanding.” 


11924 Book of A.S.T.M. Standards. Criticisms of this revision are solicited and should be directed — 
to Mr. G. H. Woodroffe, Secretary of Committee A-1 on Steel, Reading Iron Co., Reading, Pa. 
2See p. 53. 
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STANDARD SPECIFICATIONS FOR WELDED WROUGHT-IRON PIPE 


(SERIAL DESIGNATION: A 72 -— 24)! 


Section 1.—Change from its present form: namely, 


“These specifications cover ‘standard,’ ‘extra strong’ and ‘double extra 
strong’ welded wrought-iron pipe.”’ 


to read as follows: 


“These specifications cover ‘standard weight,’ ‘extra strong’ and ‘double 
extra strong’ welded wrought-iron pipe. Pipe ordered to these specifications 
is intended for coiling, bending, flanging, and other special purposes. Butt- 
welded pipe is not intended for flanging.”’ 


Section 8 (b).—Change to read’as follows by the addition of the 
italicized words and figures and the omission of those in brackets: 


**(b) All pipe [3 in. or under] under 2 in. in nominal diameter may be butt- 
welded, unless otherwise specified. All pipe [over 3 in.] 2 am. or over in nominal 
diameter shall be lap welded.” 


Section 9.—Add a new Section 9 to follow the present Section 8 
to read as follows, renumbering the subsequent sections accordingly: 
““In case of doubt as to the presence of steel, the purchaser may, at his 


own expense, make micrographic examination and chemical analysis to assist 
in determining whether the material meets the requirements of Section 3 (a).” 


STANDARD SPECIFICATIONS FOR STAYBOLT, ENGINE-BOLT AND 
EXTRA-REFINED WROUGHT-IRON. BARS 


(SERIAL DESIGNETION: A 84 -— 24)! 


Section 7.—Add two new Paragraphs (b) and (c) to read as fol- 
lows, re-lettering the present Paragraph (0) to Paragraph (d): 

““(b) Grade A.—For bars 11 sq. in. in sectional area, the following deduc- 
tions from the minimum requirements specified in Section 6 (a) shall be made 
for each square inch of nominal section above 11 sq. in.: 

Tensile strength, 250 lb., but not under 46,000 Ib. 

Reduction of area, 3 per cent, but not under 40 per cent. 

““(c) Grade A.—For flats of all sizes, the minimum reduction of area shall 
be 40 per cent.” 


STANDARD SPECIFICATIONS FOR MALLEABLE CASTINGS 
(SERIAL DESIGNATION: A 47 — 24)? 


Section 3.—Add to the table of requirements a requirement on 
minimum yield point, as follows: 
“Vield point, lb. per sq. in.,; minimum........ 30 000” 


11924 Book of A.S.T.M. Standards. Criticisms of this revision are solicited and should be directed 
to Mr. C. C. Osterhout, Secretary of Committee A-2 on Wrought Iron, Rome Iron Mills, Inc., Rome, 
N. Y. ; 

2 1924 Book of A.S.T.M. Standards. Criticisms of this revision are solicited and should be directed 
to Mr. Enrique Touceda, Secretary of Committee A-7 on Malleable Castings, 943 Broadway, Albany, 
Neve 
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Add a new paragraph (0) to read as follows: 


~“(b) The yield point shall be determined by the drop of the beam of the 
testing machine.” | 


RECOMMENDED PRACTICE FOR HEAT TREATMENT OF CASE- 
HARDENED CARBON-STEEL OBJECTS 


(SERIAL DESIGNATION: A 37 —- 14)! 


A revision in the form of a separate tentative recommended 
practice entitled ‘“‘Recommended Practice for Carburizing and Heat 
Treatment of Carburized Objects (A 37-25 TMi, is intended to 
replace the present recommended practice. 


B. NON-FERROUS METALS 


STANDARD SPECIFICATIONS FOR LAKE COPPER WIRE BARS, 
CAKES, SLABS, BILLETS, INGOTS, AND INGOT BARS 


(SERIAL DESIGNATION: B 4-— 13)8 


Section 4 (a).—Change the first sentence in the second paragraph 
to read as follows by the addition of the italicized figures and the 
omission of those in brackets: 


‘‘Low Resistance Lake wire bars shall have a resistivity not to exceed 
[0.15535] 0.15436 international ohms per meter-gram at 20° C. (annealed).” 


Section 5 (a).—Change to read as follows by the addition of the 
italicized figures and the omission of those in brackets: 

““Low Resistance Lake copper shall have a purity of at least [99.880] 
99.900 per cent as determined by electrolytic assay, silver being counted as 
copper.” 


Section 5 (b).—Change the first sentence to read as follows by 
the addition of the italicized figures and the omission of those in 
brackets: 


“High Resistance Lake copper shall have a purity of at least [99.880] 
99.900 per cent, copper, silver, and arsenic being counted together.” 


Section 7.—Add a new Section 7 to read as follows, renumbering 
the subsequent sections accordingly: 


11924 Book of A.S.T.M. Standards. Criticisms of this revision are solicited and should be directed 
to Mr. J. H. Hall, Secretary of Committee A-4 on Heat Treatment of Iron and Steel, Taylor-Wharton 
Iron and Steel Co., High Bridge, N. J. 

2 See p. 116. 

31924 Book of A.S.T.M. Standards. Criticisms of this revision are solicited and should be directed 
to Mr. P. D. Merica, Secretary of Committee B-2 on Non-Ferrous Metals and Alloys, International 
Nickel Co., 67 Wall St., New York City. 
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“7, Standard Sizes and Shapes for 200 to 300-lb. Wire Bars.—(a) One mold 
shall be used for casting 200 to 230-lb. wire bars, the bottom width of this bar 
to be 33 in., the listed weights being 200 and 225 lb. (See Fig. 1.) 

““(b) One mold shall be used for casting 240 to 300-lb. wire bars, the bottom 
width of this bar to be 4 in., the listed weights being 250, 275 and 300 lb. (See 
Fivw2:) 

‘““(c) The length dimension of all bars shall be 54 in. The side draft or 
taper shall be 2 in. in 4 in. (3 in. in 4 in. on each side of the bar). The radius 
of the corners at the bottom of the bars shall be 3 in. The end taper at the 
bottom shall be 6 in. long overall and approximately 2 in. per ft. 

“The end taper of the side shall be approximately 2} in. per ft. and the 
end of the bar shall be approximately 32 in. deep at the point.” 


Section 9.—Change the second paragraph from its present form: 
namely, 


“In a question of metal contents each party shall select a sample of two 
pieces. These shall be drilled in the presence of both parties, several holes 
approximately 4 in. in diameter being drilled completely through each piece; 
scale from set shall be rejected. No lubricant shall be used and drilling shall 
not be forced sufficiently to cause oxidation of chips. The resulting samples 
shall be cut up, mixed, and separated into three parts, each of which shall be 
placed in a sealed package, one for each party and one for the umpire if neces- 
sary. Each party shall make an analysis, and if the results do not establish 
or dismiss the claim to the satisfaction of both parties the third sample shall 
be submitted to a mutually agreeable umpire, who shall determine the question 
of fact, and whose determination shall be final.” 


to read as follows: 


‘In a question of metal contents, each party shall select a sample of three 
pieces from the consignment or lot to be investigated. These shall be sampled 
in the presence of both parties by drilling five holes, approximately } in. in 
diameter, at points equally spaced between the ends of the pieces. With bars, 
billets, ingots, and ingot bars, these holes should be along a middle line and with 
slabs and cakes on a diagonal line projected between opposite corners. The 
drilling shall be from top to bottom and completely through each piece. Scale 
from set and any surface dirt shall be rejected. No lubricant shall be used 
and drilling shall not be forced sufficiently to cause oxidation of the chips. 
In the case of sections having a depth greater than 5 in., drillings may be made 
from both top and bottom for a depth of not less than 2 in. in each direction 
instead of completely through, but the drilling shall be otherwise conducted as 
before described. 

“The resulting sample shall be cut up, mixed and separated into three 
equal portions, each of which shall be placed in a sealed package, one for each 
party and the third for the umpire, if necessary. 

‘Each party shall make an analysis by the Standard Method of Battery 
Assay of Copper (B 34- 20) of the American Society for Testing Materials 
and if the results do not establish or dismiss the claim to the satisfaction of 
both parties concerned, the third sample shall be submitted to a mutually 
agreeable umpire, who shall determine the question of fact and whose deter- 
mination shall be final.” 
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STANDARD SPECIFICATIONS FOR ELECTROLYTIC COPPER WIRE 
BARS, CAKES, SLABS, BILLETS, INGOTS, AND INGOT BARS 


(SERIAL DESIGNATION: B 5-13)! 


Sections 8 (a).—Change to read as follows by the addition of the 
italicized words and figures and the omission of those in brackets: 


“‘ Metal Content.—The copper in all shapes shall have a purity of at least 
[99.880] 99.900 per cent, as determined by [electrolytic assay] the A.S.T.M. 
Standard Method of Battery Assay of Copper (B 34-20), silver being counted 
as copper.” 


Section 3 (b).—Change to read as follows by the addition of the 
italicized figures and the omission of those in brackets: 


“ Resistivity —All wire bars shall have a resistivity not to exceed [0.15535] 
0.15436 international ohms per meter-gram at 20° C. (annealed); all ingots and 
ingot bars shall have a resistivity not to exceed 0.15694 international ohms per 
meter-gram at 20° C. (annealed).”’ 


Section 6.—Add a new Section 6 to agree with the new Section 7 
added to Specifications B 4-13 above, renumbering the subsequent 
sections accordingly. 

Section 7.—Change the second paragraph from its present form: 
namely, : 


“In a question of metal contents each party shall select a sample of two 
pieces. These shall be drilled in the presence of both parties, several holes 
approximately },in. in diameter being drilled completely through each piece; 
scale from set shall be rejected. No lubricant shall be used and drilling shall 
not be forced sufficiently to cause oxidation of chips. The resulting samples 
shall be cut up, mixed, and separated into three parts, each of which shall be 
placed in a sealed package, one for each party and one for the umpire if neces- 
sary. Each party shall make an analysis, and if the results do not establish or 
dismiss the claim to the satisfaction of both parties the third sample shall be 
submitted to a mutually agreeable umpire, who shall determine the question 
of fact, and whose determination shall be final.” 


to read as follows: 


‘“‘TIn a question of metal contents, each party shall select a sample of three 
pieces from the consignment or lot to be investigated. These shall be sampled 
in the presence of both parties by drilling five holes approximately } in. in 
diameter, at points equally spaced between the ends of the pieces. With bars, 
billets, ingots, and ingot bars, these holes should be along a middle line and with 
slabs and cakes on a diagonal line projected between opposite corners. ‘The 
drilling shall be from top to bottom and completely through each piece. Scale 
from set and any surface dirt shall be rejected. No lubricant shall be used and 
drilling shall not be forced sufficiently to cause oxidation of the chips. In the 
case of sections having a depth greater than 5 in., drillings may be made from 
both top and bottom for a depth of not less than 2 in. in each direction instead 


1 1924 Book of A.S.T.M. Standards. Criticisms of this revision are solicited and should be directed 
to Mr. P. D. Merica, Secretary of Committee B-2 on Non-Ferrous Metals and Alloys, International 
Nickel Co., 67 Wall St., New York City. 
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of completely through, but the drilling shall be otherwise conducted as before 
described. 

‘““The resulting sample shall be cut up, mixed and separated into three 
equal portions, each of which shall be placed in a sealed package, one for each 
party and the third for the umpire, if necessary. 

‘Each party shall make an analysis and if the results do not establish or 
dismiss the claim to the satisfaction of both parties concerned, the third sample 
shall be submitted to a mutually agreeable umpire, who shall determine: the 
question of fact and whose determination shall be final.” 


STANDARD SPECIFICATIONS FOR LIGHT ALUMINUM CASTING 
ALLOYS 


(SERIAL DESIGNATION:.B 26 -— 21)! 


A revision in the form of separate tentative specifications entitled 
‘Specifications for Aluminum Base Alloy Sand Castings (B 26-25 T)’” 
is intended to replace the present standard specifications. 


STANDARD SPECIFICATIONS FOR HIGH-STRENGTH BRONZE 
TROLLEY WIRE, ROUND AND GROOVED: 40 AND 
65 PER CENT CONDUCTIVITY 


(SERIAL DESIGNATION: B 9-— 16)3 


A revision in the form of separate tentative specifications entitled 
‘Specifications for Bronze Trolley Wire (B 9 — 25 T)’’ is intended to 
replace the present standard specifications. 


STANDARD SPECIFICATIONS FOR SEAMLESS ADMIRALTY 
CONDENSER TUBES AND FERRULE STOCK 


(SERIAL DESIGNATION: B 44-24)! 


Section 12.—Insert under Sub-Heading IV on Permissible Varia- 
tions in Dimensions, a new Section 12 to read as follows, renumbering 
the subsequent sections accordingly: 

“12. Diameter.—The outside diameter of the tubes shall not vary from that 
specified by more than the following amounts, as measured by ‘go’ and ‘no 
go’ ring gages: 


NOMINAL DIAMETER, IN. PERMISSIBLE VARIATION, IN. 


Up-te 01S00s7inelusive, .FY4i SER Nl ei plus or minus 0.002 
Over 0.500 to 0.740, inclusive.............. SALTS 23 SRO OURO 
Over 0.740 to 1.000, THOS RMON SUT a fF PORLEE CHESS OS 
Over 1.000 to 1.250, tL . 2 LO for Ss 1 een eee 
Over 1.250 to 1.500, SRE EELE ETTORE “COE TOTS SF GLO 


11924 Book of A.S.T.M. Standards. Criticisms of this revision are solicited and should be directed 
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3 1924 Book of A.S.T.M. Standards. Criticisms of this revision are solicited and should be directed 
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4See p. 132. 
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STANDARD SPECIFICATIONS FOR HIGH SHEET BRASS 


(SERIAL DESIGNATION: B 36-21)! 
Table I—Change Table I in Section 13, covering permissible 
variations in thickness, to agree with the accompanying Table I. 


TABLE I.—PERMISSIBLE VARIATIONS IN THICKNESS OF HIGH SHEET BRASS, IN. 


» 


Thickness Width, in. 

Up to 6 in., Over 6 to 9in, Over 9 to 14 in., | Over 14 to 20 in., 
B. & 8. Gage No. Inch inclusive inclusive inclusive inclusive 
0000 0.460 0.0043 0.0045 0.0047 0.0049 
000 0.4096 0.0042 0.0044 0.0046 0.0048 
00 0.3648 0.0041 0.0043 0.0045 0.0047 
0 0.3249 0.0040 0.0042 0.0044 0.0046 
1 0.2893 0.0039 0.0041 0.0043 0.0045 
2 0.2576 0.0038 0.0040 0.0042 0.0044 
3 0.2294 0.0037 0.0039 0.0041 0.0043 
4 0.2043 0.0036 0.0038 0.0040 0.0042 
5 0.1819 0.0035 0.0037 0.0039 0.0041 
6 0.1620 0.0034 0.0036 0.0038 0.0040 
7 0.1443 0.0033 0.0035 0.0037 0.0039 
8 0.1285 0.0032 0.0034 0.0036 0.0038 
9 0.1144 é 0.0031 0.0033 0.0035 9.0037 
10 0.1019 0.0030 0.0032 0.0034 0.0036 
11 0.0907 0.0029 0.0031 0.0033 0.0035 
12 0.0808 0.0028 0.0030 0.0032 0.0034 
13 0.0719 0.0027 0.0029 0.0031 0.0033 
14 0.0640 0.0026 0.0028 0.0030 0.0032 
15 0.0570 0.0025 0.0027 0.0029 0.0031 
16 0.0508 0.0024 0.0026 0.0028 0.0030 
17 0.0452 , 0.0023 0.0025 0.0027 0.0029 
18 0.0403 0.0022 0.0024 0.0026 0.0028 
19 0.0359 0.0021 0.0023 0.0025 0.0026 
20 0.0320 0.0020 0.0021 0.0023 0.0024 
21 0.0284 0.0019 0.0020 0.0021 0.0022 
22 0.0253 0.0018 0.0019 0.0020 0.0021 
23 0.0225 0.0017 0.0018 0.0019 0.0026 
24 0.0201 0.0016 0.0017 0.0018 0.0019 
25 0.0179 0.0015 0.0016 0.0017 0.0018 
26 0.0159 0.0014 0.0015 0.0016 0.0017 
27 0.0142 0.0013 0.0014 0.0015 0.0016 
28 0.0126 0.0012 0.0013 0.0014 0.0015 
29 0.0112 0.0011 0.0012 0.0013 0.0014 
30 0.0100 0.0011 0.0012 0.0013 0.0014 
31 0.0089 0.0010 0.0011 0.0012 0.0013 
32 0.0079 0.0010 0.0011 0.0012 0.0013 
33 0.0070 0.0009 0.0010 0.0011 0.0012 
34 0.0063 0.0009 0.0010 0.0011 0.0012 
35 0.0056 0.0008 0.0009 0.0010 © 0.0011 
36 0.0050 0.0008 0.0009 0.0010 0.0011 


STANDARD SPECIFICATIONS FOR NAVAL BRASS RODS FOR 
STRUCTURAL PURPOSES 


(SERIAL DESIGNATION: B 21-19)! 


Section 6.—Add a paragraph to read as follows: 


“‘(b) Yield point in tension shall be determined as the stress producing an 
elongation under load of 0.5 per cent, that is, 0.01 in. in a gage length of 2 in.” 


11924 Book of A.S.T.M. Standards. Criticisms of this revision are solicited and should be directed 
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C. CEMENT, LIME, GYPSUM AND CLAY PRODUCTS 
STANDARD SPECIFICATIONS AND TESTS FOR PORTLAND CEMENT 


(SERIAL DESIGNATION: C 9-21)! 


A revision in the form of a separate tentative specification entitled 
“Specifications and Tests for Compressive Strength of Portland 
Cement Mortars (C 9-16 T)’” is intended to become a part of the 
present standard specifications. 


STANDARD SPECIFICATIONS FOR CEMENT-CONCRETE SEWER 
PIPE 


(SERIAL DESIGNATION: C 14 — 24)8 
Section 1.—Add the following footnote: 


‘‘ Caution.—The consumer or purchaser is cautioned against using cement- 
concrete pipe where the sewage shows an acid reaction.” 


STANDARD SPECIFICATIONS FOR FIRE TESTS OF MATERIALS 
AND CONSTRUCTION 


(SERIAL DESIGNATION: C 19 - 18)4 


_ Section 2 (a).—Change to read as follows by the addition of the 
italicized words and the omission of the words in brackets: 


“The temperature fixed by the curve shall be deemed to be the average 
[true] temperature [of the furnace gases as] obtained from the readings of 
several thermo-couples (not less than three) symmetrically disposed and dis- 
tributed [in such a manner as] to show [temperatures of the gases] the tempera- 
ture near all parts of the sample, said thermo-couples being enclosed in sealed 
porcelain tubes of 4-in. outside diameter and }-in. wall thickness, the immersion 
of the couple in the furnace chamber to be not less than 12 in. Other types of pro- 
tecting tubes or pyrometers may be used, that under test conditions give the same 
indications as the above standard within the limit of accuracy that applies for 
furnace temperature measurements. 

“For greater difference of design and size the time temperature curve followed 
shall be modified to give an exposure equal to that obtained by using the standard 
pbyrometer and curve above described.” 


Section 6.—Change to read as follows by the addition of the 
italicized words and the omission of the words in brackets: 


11924 Book of A.S.T.M. Standards. Criticisms of this revision are solicited and should be directed 
to Mr. R. B. Young, Secretary of Committee C-1 on Cement, Hydro-Electric Power Commission of 
Ontario, 8 Strachan Ave., Toronto, Ont., Canada. 

2See p. 193. 

8 1924 Book of A.S.T.M. Standards. Criticisms of this revision are solicited and should be directed 
to Mr. E. S. Rankin, Secretary of Committee C-4 on Clay and Cement-Concrete Sewer Pipe, Engineer 
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“The fire test on the sample with its applied load, if any, shall be continued 
until failure occurs, or until it has withstood the test conditions for a period 
equal to [14 times that for which classification is desired] that herein specified in 
the Conditions of Acceptance for the given type of construction.” 


Section 7.—Change to read as follows by the addition of the 
italicized words and the omission of the words in brackets: 


‘fA second test with duplicate sample shall be made to determine the effect 
of a hose stream on a sample under fire test, the water being applied at the end 
of a period equal to [three-fourths] one-half of that for which classification is 
desired, but not later than one hour after the beginning of the test; except that 
for classification periods of one-half hour or less the fife stream test may be 
omitted.” 


TABLE II 
Size of Water : 

Parts of Structure Type of Hose Pressure Applecton 

Protection Nozzle, at Nozzle, mins 
in. Ib. : 
4 hour 1 1/8 50 {10} 7 
oe 1 1/8 50 [5] 4 
BIGORS ANG OGES ys tartare mn Re oly genera ee Al erst Is m 1 1/8 50 [2.5] 2 
1]2 1 1/8 0 1 
1/4 * 1 1/8 [15] 30 1 
4 1 1/8 50 5 
2 1 1/8 30 3 
Walls, [Columns] and Partitions....................... 1 1 1/8 30 [2.5] 2 
1/27 1 1/8 30 1 
1/4 1 1/8 [15] 30 1 
4 1 1/8 50 8 
2 1 1/8 30 2 

Colimitia Sori 6 cuties c cede eee hiadttote Belk a iaieals lots 1 1 1/8 80 1 1/2 
1/2 1 1/8 80 1 

1/3s% 1 1/8 30 1/2 


Table I.—Change Table I, referred to in Section 8, to read as 
indicated in the accompanying Table II by the addition of the italicized 
word and figures and the omission of the word and figures in brackets. 

Secitton 9.—Change to read as follows by the addition of the 
italicized words and the omission of the words in brackets, changing 
the side heading from “‘ Loading” to “Loading and Additional Tests”’: 


‘“‘For any material or construction intended to carry load other than its 
own weight, the full [rated safe] working load shall be applied during the entire 
fire test, also during the fire stream test. After completion of the fire stream 
test, the sample shall be subjected to [excess loading as prescribed under speci- 
fications for the different structural parts] additional tests as herein specified in 
the Conditions of Acceptance for the given type of construction.” 


Add a new Section 10, under the sub-division ‘‘Conduct of Fire 
Tests,” entitled “‘'Time of Testing,” to read as follows: 
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“The material or construction shall not be tested until a large proportion 
of its final strength has been attained and the excess of free water has been 
given off. Where this cannot be attained within 40 days, artificial drying with 
air temperature not exceeding 100° F. shall be used.” 


Section 10.—Renumber the present Section 10 to Section 12. 
Section 11.—Omit this section reading as follows: 


“The floor or roof may be tested as soon after construction as desired, 
but within 40 days. Artificial drying will be allowed if desired.” 


Section 12.—Transfer this section, placing it under the sub- 
division ‘‘Conduct of Fire Tests,’ renumbering it Section 11. 

Section 14.—Change the side heading to read ‘Conditions of 
Acceptance.” ? 

Section 14 (a).—Change to read as follows by the omission of the 
words in brackets: 


‘The floor or roof shall have sustained safely the full [rated safe] working 
load during the fire test without passage of flame for a period equal to 1; times 
that for which classification is desired.” 


Section 18.—Change the side heading to read “Conditions of 
Acceptance.” 
Add five new sections relating to column tests to read as follows: 


19. Size of Sample.—For column tests, the length of the column exposed 
to fire shall approximate the clear length of the member in the structure, and 
for building columns shall be not less than 9 ft. The outside lateral dimensions 
shall be the minimum for which classification is desired. The details of con- 
struction, and exposed connections and protection, if any, shall be applied 
according to the methods of acceptable field practice. 

20. Loading.—During the fire test and the fire and water test, a constant 
working load shall be applied to the column, calculated according to the gov- 
erning design regulations. Provisions shall be made for transmitting the load 
to the exposed portion without unduly increasing the effective column length. 

21. Measuremenis——Measurements shall be made of the expansion or 
depression at the head of the column and determination of the period of expan- 
sion. Such other measurements shall be made of deformation and of tempera- 
ture of the column as will give the most useful information for the given column 
type. 

22. Position of Nozzle-—The distance of the nozzle from the column during 
the application of water shall be 20 ft., the water being applied in succession, as 
uniformly as possible, over the full height on three of its sides. 

23. Conditions of Acceptance.—The test shall not be regarded as successful 
unless the following conditions are met: | 

(a) The column shall have sustained the full working load during the 
fire test for a period equal to —! times that for which classification is desired. 


1 The quantity to be inserted in this blank space will be supplied by the committee, when the 
information is available. 
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(6) The column shall have sustained the full working load during the 
fire stream test as prescribed in Sections 7 and 8, and after its completion and 
when cold shall sustain a total load equal to the dead load component plus 
twice the live load component of its design working load. 

(c) After the fire stream test the column when dry shell withstand, under 
working load, a fire test of duration equal to —' of the period for which classi- 
fication is desired, but not eEceeding one hour. 


STANDARD SPECIFICATIONS FOR PAVING BRICK 
(SERIAL DESIGNATION: C 7 -— 15)? 
In the Appendix to the specifications, eliminate one of the recog- 


nized sizes and types of paving brick, making the recommendations 
for sizes read as follows: 


y WIDTH, DeptH, LENGTH, 
IN. IN. IN. 
Plain wire-cut brick (vertical fiber, lugless)....... 3? 44 84 
Plain wire-cut brick (vertical fiber, lugless)....... 35% 4a 84 
Js aig ct igdl A te Og Col ane 9 ene a al Sale ara Sp) 4 82 
WOIVeR we OP cUeICK NICU) eee eg rae css ss ls 8 a 4 84 


@ These bricks are customarily laid in the pavement to give a depth of 3 or 34 in., respectively, 
by 4 in. in width and 84 in. in length. 


STANDARD SPECIFICATIONS FOR HYDRATED LIME FOR 
STRUCTURAL PURPOSES 


(SERIAL DESIGNATION: C 6-— 24) 


Section 12.—Change the second and fifth paragraphs from their 
present form: namely, 


‘““The lime shall be made into a stiff putty with water and permitted to 
soak over night. It shall be molded in a rubber ring such as is used with a 
Vicat needle, resting the specimen on a glass plate.” 

“Tf the penetration is less than standard, the sample may be removed from 
the mold, mixed with more water, and retested. If the penetration is more 
than standard, the sample shall be discarded and a new one prepared.” 


to read respectively as follows: 


““The lime shall be made into a stiff putty with water, stirred vigorously 
with a trowel or spatula for three minutes and permitted to soak over night. 
It shall be stirred vigorously with a trowel or spatula for three minutes, molded 
in a rubber ring such as is used with a Vicat needle, resting the specimen on a 
glass plate.” 


1 The quantity to be inserted in this blank space will be supplied by the committee, when the 
information is available. 
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‘‘Tf the penetration is less than standard, the sample may be removed from 
the mold, mixed with more water, stirred vigorously with a trowel or spatula 
for three minutes, and retested. If the penetration is more than standard, the 
sample shall be discarded and a new.one prepared.” 


STANDARD METHODS OF TESTING GYPSUM AND GYPSUM 
PRODUCTS 


(SERIAL DESIGNATION: C 26-23)! 
Add the following sections to the present Standard Methods: 


XII. COMPRESSIVE STRENGTH OF GYPSUM PARTITION TILE OR BLOCK 


23. (a) Not less than ten full-size gypsum tile specimens shall be used. 

(b) The test specimens shall be dried to constant weight at a temperature 
not exceeding 110° F. (43° C.), until two successive weighings of the same 
specimen do not show a variation in excess of 0.5 per cent. At the option of 
the manufacturer or purchaser, strength tests may be conducted on samples 
that are dried at room temperature. However, in cases of controversy all test 
samples shall be dried to constant weight as herein prescribed. 

(c) The tile or block shall be tested in the position in which they are 
designed to be used and shall be bedded on and capped with a felt gasket not 
less than % in. nor more than } in. in thickness. At the option of the manufac- 
turer or purchaser, or in cases of controversy, the test samples may be suitably 
bedded and capped with neat gypsum mortar, or the bearing surfaces of the 

tile may be planed or rubbed smooth and true. When neat gypsum mortar is 
used for bedding and capping, the test may be conducted after the mortar has 
set, but not sooner than one hour after the sample has been capped. 

(d) The loading head shall completely cover the bearing area of the tile, 
and the applied load shall be transmitted through a spherical bearing block of 
proper design. The speed of the moving head of the testing machine shall not 
be more than 0.05 in. per minute. 


XIII. TRANSVERSE STRENGTH OF GypsUM PARTITION TILE OR BLOCK 


24. (a) Not less than ten full-size gypsum tile specimens shall be used. 

(b) The test specimens shall be dried to constant weight as prescribed for 
the determination of the compressive strength. 

(c) The tile or block shall be supported on its face (flat) on fixed parallel 
bearings spaced 24 in. (600 mm.) on centers, and shall be loaded through a 
similar bearing midway between the supports. All bearing and load surfaces 
shall be true, shall engage the full width of the test specimen, and shall be 
rounded to a radius of 4 in. (12.7 mm.). 

(d) The speed of the moving head of the testing machine shall not be more 
than 0.05 in. per minute. The modulus of rupture shall be calculated in pounds 
per square inch from the formula: 


3wlh 
Modulus of Rupture = bgt 


where / = distance between supports in inches; 
_6 = breadth (width) of tile in inches; 
d = thicknéss of tile in inches; 
w = load in pounds at failure of test specimen. 


11924 Book of A.S.T.M. Standards, Criticisms of this revision are solicited and should be directed 
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XIV. ABSORPTION OF GypPpsuM PARTITION TILE OR BLOCK 


} 25. (a) The absorption shall be determined upon a test specimen of parti- 
tion tile or block consisting of approximately one-half of a full-size tile. 
.(b) The test specimen shall be dried to constant weight as prescribed for 
the determination of the compressive strength. 

(c) The dried test specimen shall be submerged in water until a constant 
saturated weight is attained, but in no event for a period of less than two hours, 
the water temperature being maintained at between 70 and 80° F. (21 and 27° 
C.). The test specimen shall be removed, the surface wiped off with a damp 
cloth and the specimen weighed immediately. The percentage of absorption 
shall be calculated on the dry weight from the formula: 

Percentage of Absorption = wee!) 
where A = weight of dry test specimen; 
B = weight of saturated test specimen. 

(d) The rate of absorption shall be determined by sealing upon the face 
of the test specimen, which shall first be dried to constant weight as prescribed 
for determination of the compressive strength, a glass tube 1} in. in diameter 
and 12 in. in length, graduated in centimeters and located centrally over a core. 
Into this tube shall be poured 250 cc. of water at a temperature of between 70 
and 80° F. (21 and 27° C.). The rate of absorption shall be reported in cubic 
centimeters per minute. _ 


XV. TRANSVERSE STRENGTH OF GYPSUM BOARDS 


26. (a) Test specimens shall be taken from not less than ten gypsum 
boards. 

(b) Strength test specimens shall be 12 in. (300 mm.) in width and approxi- 
mately 18 in. (460 mm.) in length. They shall be supported on fixed parallel 
bearings spaced 16 in. (410 mm.) on centers, and shall be loaded through a 
similar bearing midway between the supports. All bearing and load surfaces 
shall be true, shall engage the full width of the test specimen, and shall be 
rounded to a radius of } in. (3.2 mm.). 

(c) Test loads shall be applied at a uniform rate of 60 lb. (27.22 kg.) per 
minute with a permissible variation of +10 per cent in the rate. Strength 
_ test results shall be reported when the load is applied across the fiber of the sur- 
facing and also parallel to the fiber of the surfacing. 


D. MISCELLANEOUS MATERIALS 
STANDARD SPECIFICATIONS FOR TURPENTINE 


(SERIAL DESIGNATION: D 13 - 24)! 


Title—Change to read as follows: 


“Specifications for Gum Spirits of Turpentine and for Steam-Distilled 
Wood Turpentine.” 


1 1924 Book of A.S.T.M. Standards. Criticisms of this revision are solicited and should be directed 
to Mr. R. L. Hallett, Secretary of Committee D-1 on Preservative Coatings for Structural Materials, 
105 York St., Brooklyn, N. Y. 
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Section 1.—Change to read as follows by the addition of the 
italicized words and the omission of those in brackets: 

““These specifications apply both to the spirits of turpentine that is dis- 
tilled from pine oleo-resins, commonly known as ‘gum spirits’ or ‘spirits of 
turpentine,’ and to turpentine commonly known as ‘steam-distilled wood 
turpentine’ [which is obtained from resinous wood, whether by steam or by 
destructive distillation]. When ordering under these specifications, the pur- 
chaser shall specify whether (a) gum spirits of turpentine or (b) steam-distilled 
wood turpentine is desired. [When wood turpentine is specified, it may be 
stated whether steam of destructively distilled wood turpentine shall be 
furnished.]”’ 


Section 6.—Under ‘Refractive index at 20° C.” and under 
‘Residue after Polymerization”? change “Wood turpentine” to read 
‘*Steam-distilled wood turpentine.” 


STANDARD SPECIFICATIONS FOR BROKEN SLAG FOR 
WATERBOUND BASE AND WEARING COURSE 


(SERIAL DESIGNATION: D 65 - 23)! 


Section 4.—Omit this section, reading as follows, renumbering 
the succeeding sections accordingly: : 
‘“The percentage of wear shall be not more than 12.0 per cent.” 


Section 6.—Change the last line of this section to read as follows 
by the addition of the italicized words and figures and the omission 
of those in brackets: 


‘(Retained on] Passing 24-in. screen... not [less] more than [85] 15 
per. cent.?’ 


Section 7 (b).—Omit this paragraph which refers to the method 
of testing the percentage of wear. 


STANDARD SPECIFICATIONS FOR SHOVEL-RUN OR CRUSHER-RUN 
BROKEN SLAG FOR WATERBOUND BASE 


(SERIAL DESIGNATION: D 66-23)? 


Section 4.—Omit this section, reading as follows, renumbering the 
succeeding sections accordingly: 
“The percentage of wear shall be not more than 15.0 per cent.” 


Section 6 (b).—Omit this paragraph which refers to the method 
of testing the percentage of wear. 


11924 Book of A.S.T.M. Standards. Criticisms of this revision are solicited and should be directed 
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STANDARD METHOD OF TEST FOR DISTILLATION OF BITUMINOUS 
MATERIALS SUITABLE FOR ROAD TREATMENT 


(SERIAL DESIGNATION: D 20-18)! 


Sectton 4.—Change the first sentence to read as follows by the 
addition of the italicized word and the omission of the word in brackets: 
“The apparatus shall be set up as shown in Fig. 2, the thermometer being 


placed so that the top of the bulb is opposite the bottom [middle] of the tubu- 
lature.”’ 


Make the position of the Sian gies in the illustration cor- 
respond with this change. 

Sectton 5.—Change the second sentence to read as follows by the 
addition of the italicized words and figures and the omission of those 
in brackets: 

‘After adjusting the thermometer, shield, condenser, etc., the distillation 


is commenced, the rate being regulated that 50 to 70 drops (2.5 to 3.5 cc.) pass 
[1 cc. passes] over every minute.” 


STANDARD METHODS OF LABORATORY SAMPLING AND ANALYSIS 
OF COKE 


(SERIAL DESIGNATION: D 37 — 24)? 


On page 1014 of the 1924 Book of A.S.T.M. Standards under 
““A Small Riffle Sampler,’ change ‘“‘No. 10” to read ‘‘No. 20.” 
Also change the paragraphs under “Roll Crusher” and under ‘‘ Abbe 
Ball Mill or Hard-Steel Diamond Mortar” to read as follows by the 
addition of the italicized words and figures and the omission of those 
in brackets: 


“Hard-Steel Roll Crusher.—For reducing the product passing a No. 4 
sieve to pass a [No. 10] No. 20 sieve.” 

“Abbe Ball Mill, Hard-Steel Roll Crusher, or Hard-Steel Diamond Mortar. 
—For reducing the product passing a [No. 10] No. 20 sieve to pass a No. 60 
sieve. The porcelain jars for the ball mill should be approximately 9 in. in 
diameter and 10 in. high. The flint pebbles should be smooth, hard, and well 
rounded. The rolls of the hard-steel roll crusher should revolve at the same speed.” 


On page 1016 under “Reduction of Sample,” line 9, change 
“No. 10 sieve” to read ‘‘No. 20 sieve;”’ also change ‘400 g.” in 
lines 9 and 10 to read ‘‘200 g.” 


11924 Book of A.S.T.M. Standards. Criticisms of this revision are solicited and should be directed 
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Change the last two sentences of the first paragraph under 
‘Reduction of Sample’ from their present form: namely, 

“Reduce the quantity of sample by quartering or riffling to about 50 g. 
Pass the entire 50-g. portion through a No. 60 sieve, pulverizing any course 
particles in a diamond mortar, and mix with remainder of sample, preserving 
the sample for analysis in a rubber-stoppered glass bottle.” 


to read as follows: 


“Pass all the material through a No. 60 sieve, pulverizing any coarse 
particles by impact in a hard-steel diamond mortar, and mix with remainder 
of sample. Reduce the sample through small riffle sampler to about 50 g. 
and transfer to a rubber-stoppered glass bottle.” 


Change the last paragraph under ‘‘Reduction of Sample” to 
read as follows by the addition of the italicized words and figures 
and the omission of those in brackets: 

“In case a ball mill is not available for fine grinding, quarter the 5-lb. 
sample passing a [No. 10] No. 20 sieve to 200 g. and pulverize to pass a No. 60 
sieve by means of a hard-steel roll crusher in which the rolls revolve at the same 
speed, or by impact in a hard-steel diamond mortar. The use of rubbing sur- 
faces such as a disk pulverizer or a bucking board is never permissible for 
grinding coke.” 

STANDARD METHODS OF LABORATORY SAMPLING AND ANALYSIS 
OF COAL 
(SERIAL DESIGNATION: D 22-24)! 


On page 983 of the 1924 Book of A.S.T.M. Standards, under 
‘Method of Sampling, (A) When Coal Appears Dry,” line 12, change 
““120 g.” to read “‘200 g.”; also change ‘60 g.” in line 6 to read 
“50 g.” and on page 984, line 3, change ‘‘60 g.” to read ‘“‘about 50 g.” 

STANDARD METHODS OF SAMPLING AND ANALYSIS OF 
CREOSOTE OIL 
(SERIAL DESIGNATION: D 38 — 24)? 


A revision in the form of a separate tentative method entitled 
‘“ Method of Test for Coke Residue of Creosote Oil (D 168 — 23 T)’’ 
is intended to become a part of the present standard methods. 


STANDARD METHODS OF TESTING MOLDED INSULATING 
MATERIALS 


(SERIAL DESIGNATION: D 48 — 24)4 


Section 2.—Change the first sentence to read as follows by the 
addition of the italicized words: 


11924 Book of A.S.T.M. Standards. Criticisms of this revision are solicited and should be directed 
to Mr. W. A. Selvig, Secretary of Committee D-5 on Coal and Coke, 4800 Forbes St., Pittsbargh, Pa. 

21924 Book of A.S.T.M. Standards. Criticisms of this revision are solicited and should be directed 
to Mr. J. A. Newlin, Secretary of Committee D-7 on Timber, Forest Products Laboratory, Madison, 
Wis. 

® See p. 584. 

41924 Book of A.S.T.M. Standards. Criticisms of this revision are solicited and should be directed 
to Mr. H. S. Vassar, Secretary of Committee D-9 on Electrical Insulating Materials, Twenty-first St. 
and Clinton Ave., Irvington, N. J. 
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“‘Any standard testing machine may be used provided the error in the loading 
range does not exceed I per cent.”’ 


Section 3.—Change the second sentence to read as follows by the 
addition of the italicized word and the omission of those in brackets: 


“It shall be molded in a hardened [and ground] steel mold ground to the 
dimensions given in Fig. 1.” 


Section 4.—Omit the second and third paragraphs reading as 
follows: 


“Three specimens shall be tested after heating in an oven for one hour at 
a temperature which is 10° C. (18° F.) below the distortion point of the material, 
as determined in accordance with Sections 18 to 21. Each specimen shall be 
taken from the oven and tested immediately while hot. 

‘““Two specimens shall be tested after they have been entirely immersed in 
water for 48 hours at normal room temperature. The specimens shall be pulled 
apart at normal room temperature of about 20° C. (68° F.) after the surface 
water has been removed by wiping with a dry cloth.” 


Change the first sentence of Paragraph (0) from its present form: 
namely, 


“The test specimen shall be pulled apart at such a speed that the beam 
can be kept well balanced.”’ 


to read as follows: 


“The speed of the head of the testing machine shall be such that the load 
can be accurately weighed but shall not exceed 0.050 in. (1.27 mm.) per minute 
with the machine running idle.” 


Fig. 2.—Change from a cube to a cylinder having a height of 
1.25 in. (3.18 cm.) and a diameter of 1.125 in. (2.86 cm.). Omit the 
words ‘‘Manufacturer’s Name and ‘Test Specimen No. 3’ Molded on 
Top in Small Round Body Raised Letters.” : 


Section 6.—Change from its present form: namely, 


‘‘Any standard testing machine may be used. The pressure head used for 
standard compressive strength tests of cement blocks is satisfactory for this 
purpose. A sheet of soft annealed copper about 3; in. (1 mm.) thick, or heavy 
blotting paper, shall be placed above and below the specimen to equalize 
irregularities.” 


to read as follows: 


““Any standard testing machine may be used provided it is accurate to 
within 1 per cent for the lowest load for which it is used. One end of the speci- 
men shall bear upon an accurately centered spherical bearing block, located 
whenever practicable at the top and the metal bearing plates shall be directly 
in contact with the ends of the test specimen. The pressure heads used for 
standard compression tests of cement (see Tentative Specifications and Tests 
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for Compressive Strength of Portland-Cement Mortars (Serial Designation: 
C 9-16 T) of the American Society for Testing Materials) are satisfactory 
for this test.” 


Section 7.—In the first sentence, change the word “cube” to 
“‘cylinder.’’ Add a new sentence to read as follows: 


‘The ends shall be flat and perpendicular to the axis, being ground to this 
condition if necessary.” 


Section 8.—Omit the second and third paragraphs, reading as 
follows: 


‘Three specimens shall be crushed after heating for one hour at a tempera- 
ture which is 10° C. (18° F.) below the distortion point of the material as deter- 
mined in accordance with Sections 18 to 21. Each specimen shall be taken from 
the oven and tested immediately while hot. 

‘““Two specimens shall be crushed after immersion in water at normal room 
temperature for 48 hours, with all surface water wiped off with a dry cloth.” 


Insert new paragraphs to read as follows: 


‘Additional tests shall be made at elevated temperatures, the actual 
temperatures selected depending upon the use that is to be made of the material. 
Five specimens shall be tested at each temperature selected. The specimen 
shall be kept at that temperature a sufficient length of time to become of uni- 
form temperature throughout and shall be maintained at that temperature 
during the test. 


“Note 1.—A convenient method of making this test is to submerge the 
Specimens in a suitably lagged, electrically heated oil bath of about two gallons 
capacity. The specimens should be placed in the bath at least one-half hour 
before testing and the temperature maintained approximately constant at the 
desired testing temperature until the completion of that test. A pale mineral 
oil having a viscosity of 100 seconds +10 seconds at 38° C. (100° F.) Saybolt 
is satisfactory for this purpose. The specimens should not be placed in the 
oil an excessive time in advance of testing. The oil bath should be well stirred 
to insure uniform temperature throughout. ‘The temperature should be deter- 
mined by means of a thermocouple sealed in a similar specimen in the bath; 
or by the use of an A.S.T.M. partial immersion thermometer conforming to the 
Standard Specifications for Partial-Immersion Thermometer for General Use, 
—20 to +150° C., 0 to +300° F. (Serial Designation: D 182) of the American 
Society for Testing Materials,! so inserted in a hole in a specimen that the 
bulb is completely enclosed and sealed in. 

“Tf tests are required over the whole range of temperature rather than at 
particular points, the method of testing may be found simpler and quicker if 
modified in accordance with Note 2, below. 

“Note 2.—The oil with 5 specimens immersed in it should be heated to the 
highest temperature to be used and allowed to cool slowly. Specimens should 
be tested in succession and the average temperature during the actual time of 
testing of each specimen taken as that corresponding to each strength deter- 


1A.S.T.M. Standards Adopted in 1925. 
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mination. Specimens should be added to the bath successively on such a 
schedule that each will remain in the bath at least 4 hour before testing. An 
average curve shall be drawn through the plotted data.” 


Change the first sentence of Paragraph (6) from its present form: 
namely, 
“The load shall be applied in a direction at right angles to that in which 


the pressure was applied in molding, and at such a rate of speed that will permit 
the beam to be kept well balanced from zero load until the specimen is crushed.”’ 


to read as follows: 


‘The load shall be applied on the ends of the specimen and the cross-head 
speed of the testing machine shall be such that the beam of the machine can be 
kept balanced but shall not exceed 0.050 in. (1.27 mm.) per minute when the 
machine is running idle.” 


In Paragraph (e), change the word “‘jaws” to read “‘head.’”’ Add 
a new sentence to read as follows: 


‘““The time required for testing each specimen should be recorded.” 


Section 10.—Change to read as follows: 


‘““Any standard testing machine may be used provided it is accurate to 
within 1 per cent for the lowest load for which it is used. ‘The distance between 
points of support shall be 4 in. (10.16 cm.). The supports shall have the con- 
tact edges rounded to a radius of $ in. (3.18 mm.). The load shall be applied 
midway between the supports by a pressure piece, the bearing edge of which 
shall be rounded to a radius of }$ in. (3.18 mm.).”’ 


Section 12.—In the first sentence of Paragraph (a) change the 
words ‘“‘four specimens’’ to read ‘‘five specimens.” 


Change the second paragraph from its present form: namely, 


‘Three specimens shall be tested after immersion in water at normal room 
temperature for 48 hours with all surface water wiped off with a dry cloth.” 


to read as follows: 


“ Additional tests shall be made at elevated temperatures as outlined in 
Section 8.” 


Change the first two sentences of Paragraph (0) from their present 
form: namely, 


‘““The load shall be applied at as slow a speed as possible, so that the beam 
may be kept well balanced from zero load until the first sign of failure. All 
tests shall be made at room temperature of about 20° C. (68° F.).” 


to read as follows: 

‘“The cross-head speed of the testing machine shall be such that the beam 
of the machine can be kept balanced but shall not exceed 0.050 in. (1.27 mm.) 
per minute when the machine is running idle.” 
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Section 13.—Change Paragraph (e) to read as follows by the 


addition of the italicized word and the omission of those in brackets: 


“The [amount of] maximum deflection at the center in inches or in milli- 
meters.” 


Omit Paragraph (f) reading as follows: 


‘““The distance between the supports in inches or in millimeters.” 


Section 16 (b).—Change the second paragraph from its present 
form: namely, 


‘“Three specimens shall be punctured after heating one hour in an oven 
heated to 10° C. (18° F.) below the distortion point of the material as deter- 
mined in Sections 18 to 21. The specimen shall be taken from the oven and 
immediately punctured in air while hot. This test is intended to cover all 
molded materials which do not withstand working temperatures above 125° C. 
(257° F.). Tests on materials which resist high temperatures may be made 
above 125° C. (257° F.) when required.” 


to read as follows: 


‘‘ Additional tests shall be made at elevated temperatures, the actual tem- 
peratures selected depending upon the use that is to be made of the material. 
Five specimens shall be tested at each temperature while in an oven maintained 
at the proper temperature, either by hand adjustment or by automatic thermo- 
stat. Specimens shall be placed in the oven at least } hour previous to testing 
and the temperature shall then be maintained approximately constant at the 
testing temperature until the completion of that test. Temperature shall be 
determined by means of a thermocouple or a mercury thermometer placed in the 
oven close to the specimens and care shall be taken to avoid placing the speci- 
mens too close to the heater. 

‘Specimens with which arcing over the edge is encountered shall be tested 
under oil as described under Section 16, and in such cases the oil bath containing 
the specimens shall be installed in the oven and the temperature determined by 
immersing the thermometer in the oil.” 


In the third paragraph, change the words “Two specimens” 
to “Three specimens.” 


Section 17.—Add a new paragraph to read as follows: 


“‘(e) Temperature at which each test was made.” 


Section 23.—Change to read as follows by the addition of the 
italicized words and figures and the omission of those in brackets: 


“The test specimen [No. 1] No. 3 shown in [Fig. 4] Fig. 2 shall be used for 
this test. [After the puncture tests prescribed in Section 16 (b) are completed 
on the five specimens, three of them shall be taken and the entire rim of each 
specimen{shall be sawed off with a hack saw } in. (6 mm.) back from the top 
edge of the specimen so as to expose a more or less uniformly cut surface.]” 
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Section 24.—Change the first sentence from its present form: 
namely, : 


‘““Weigh each of the three test specimens after the rim has been sawed off.’’ 


to read as follows: 


“Three specimens shall be tested. Weigh each of the three separately in 
the as-received condition.” 


In the fifth and sixth sentences change the words “100 hours”’ to 
“48 hours.” 7 


Section 25.—In paragraphs (c) and (d) change the words ‘100 
hours” to “ 48 hours.” 


STANDARD DEFINITIONS OF TERMS RELATING TO PAINT 
SPECIFICATIONS | 


(SERIAL DESIGNATION: D 16- 24)! 
Add the following three new definitions of terms: 


Toughness.—Relative degree of resistance to impact without fracture; 
apposed to brittleness. 

Elasticity of Paint and Varnish Films.—That property which allows a paint 
or varnish film to follow, without rupture, changes in the extent and form of the 
surface to which it is applied. 

“Screen (Sieve).—A plate or sheet or woven cloth with regularly spaced 
apertures of uniform size, mounted on a suitable frame or holder, for use in 
separating materials according to size.” 

‘““NotE.—The shape and spacing of apertures, size of wires or threads, 
thickness of plate or sheet, allowable variations and similar properties should 
be described in the specifications.” 
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LIST OF STANDARDS! 


Published Collectively in their latest revised form in 


1924 BOOK OF A.S.T.M. STANDARDS with 1925 Sup- 


plement to the BOOK OF STANDARDS 


serial designations should be stated, thus, A 1-24, A 2-24, etc. 


A. FERROUS METALS 
STEEL 
See also WROUGHT IRON: A 56-24 


STANDARD SPECIFICATIONS 


Steel Rails and Accessories. 


For Carbon-Steel Rails. 


For the Manufacture of Open-hearth Steel Girder Rails of Plain, 


Grooved and Guard Types. 
For Low-Carbon-Steel Splice Bars. 
For Medium-Carbon-Steel Splice Bars. 
For High-Carbon-Steel Splice Bars. 
For Extra-High-Carbon-Steel Splice Bars. 
For Quenched High-Carbon-Steel Splice Bars. 


. ‘For Quenched Carbon-Steel Track Bolts. 


For Quenched Alloy-Steel Track Bolts. 
For Steel Track Spikes. 
For Steel Screw Spikes. 


Structural Steel. 


APT od 
Acre ed: 
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For Structural Steel for Bridges. 

For Structural Nickel Steel. 

For Structural Steel for Buildings. 
For Structural Steel for Locomotives. 
For Structural Steel for Cars. 

For Structural Steel for Ships. 

For Rivet Steel for Ships. 


1 As of August 28,1925. Total number, 254. 
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Spring Steel and Springs. 


A 14~ 16. 
A 6813. 
A 58 — 16. 
A 59 — 16. 
ACG 16: 
A 61-16. 
Pozo 1G, 
A 69 - 18. 


For Carbon Steel-Bars for Railway Springs. 
For Carbon-Steel Bars for Railway Springs with Special Silicon 
Requirements. 

For Carbon-Steel Bars for Vehicle and Automobile Springs. 

For Silico-Manganese-Steel Bars for Automobile and Railway 
Springs 

For Chrome-Vanadium-Steel Bars for Automobile and Railway 
Springs. 

For Helical Steel Springs for Railways. 

For Elliptical Steel Springs for Railways. 

For Elliptical Steel Springs for Automobiles. 


Reinforcement Bars. 


A 15-14. 
A 16-14. 


For Billet-Steel Concrete Reinforcement Bars. 
For Rail-Steel Concrete Reinforcement Bars. 


Steel Blooms, Forgings and Axles. 


*A AT = 21, 
*A 18-21. 
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For Carbon-Steel and Alloy-Steel Blooms, Billets and Slabs for 
Forgings. 

For Carbon-Steel and Alloy-Steel Forgings. 

For Quenched-and-Tempered Carbon-Steel Axles, 
Other Forgings for Locomotives and Cars. 

For Quenched-and-Tempered Alloy-Steel Axles, Shafts, and Other 
Forgings for Locomotives and Cars. 

For Carbon-Steel Forgings for Locomotives. 

For Carbon-Steel Car and Tender Axles. 

For Cold-Rolled Steel Axles. 


Shafts and 


Steel Wheels and Tires. 
A 25-24. For Wrought Solid Carbon-Steel Wheels for Electric Railway 


A 57 = 24. 


A 26- 16. 


Service. 

For Wrought Solid Carbon-Steel Wheels for Steam Railway 
Service. 

For Steel Tires. 


Steel Castings. 


A 27-24, 


For Steel Castings. 


Steel Tubes and Pipe. 
A 83-24. For Lap-Welded and Seamless Steel and Lap-Welded Iron Boiler — 


Tubes. 


A 53-24. For Welded and Seamless Steel Pipes. 


Automotive Steels (see also Spring Steel). 
A 29-24. For Automotive Carbon and Alloy Steels. 


Boiler Steels. 
A 30-24. For Boiler and Firebox Steel for Locomotives. 
A 70-24. For Boiler and Firebox Steel for Stationary Service. 
A 31-24. For Boiler Rivet Steel. 


* Approved as “‘Tentative American Standard’”’ by the American Engineering Standards Committee. 


LIst OF STANDARDS 839 


Bar Steels. 
A 32-24. For Cold-Finished Bessemer Steel Automatic Screw Stock. 


A 54-24. 
A 80-24. 
A 34- 24. 
oo 2a 
5248 
A 90 — 24. 
A 91-24. 
A \35'= 24, 
A 36-24. 
A 37-14. 
A 72-24, 
A 84-24. 
¥A 41 - 18. 
A 85-24. 
*A 42-18. 
A 73 = 24. 
A 56-24. 
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A 43-24. 
A 44-04. 
A 74-18. 
A 45 — 14. 
A 46-24. 
A 47-24, 
A 48 — 18. 
A 88 — 24. 
A 64-16. 


For Cold-Finished Open-Hearth Steel Automatic Screw Stock. 
For Commercial Bar Steels. 


STANDARD METHODS 


Of Test for Magnetic Properties of Iron and Steel. 

Of Chemical Analysis of Plain Carbon Steel. 

Of Chemical Analysis of Alloy Steels. 

Of Determining Weight of Coating on Zinc-Coated Articles. 

Of Determining Weight of Coating on Tin, Terne, and Lead- 
Coated Sheets. 


RECOMMENDED PRACTICE 
For Annealing of Miscellaneous: Rolled and Forged Carbon-Steel 
Objects. 
For Heat Treatment of Carbon-Steel Castings. 
For Heat Treatment of Case-Hardened Carbon-Steel Objects. 


WROUGHT IRON 
(See also STEEL: A 83 - 24) 


STANDARD SPECIFICATIONS 


For Welded Wrought-Iron Pipe. 

For Staybolt, Engine;Bolt and Extra-Refined Wrought-Iron Bars. 

For Refined Wrought-Iron Bars. 

For Merchant Bar Iron. 

For Wrought-Iron Plates. 

For Wrought-Iron Rolled or Forged Blooms and Forgings for 
Locomotives and Cars. 

For Iron and Steel Chain. 


STANDARD DEFINITIONS 
Of Terms Relating to Wrought-Iron Specifications. 


PIG IRON, CAST IRON, AND FINISHED CASTINGS 


STANDARD SPECIFICATIONS 


For Foundry Pig Iron. 

For Cast-Iron Pipe and Special Castings. 
For Cast-Iron Soil Pipe and Fittings. 
For Cast-Iron Locomotive Cylinders. 
For Chilled Cast-Iron Wheels. 

For Malleable Castings. 

For Gray-Iron Castings. 

For High-Test Gray-Iron Castings. 


STANDARD METHODS 
Of Sampling and Chemical Analysis of Pig and Cast Iron. 


*Approved as ‘“‘ Tentative American Standard”’ by the American Engineering Standards Committee. 
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B. NON-FERROUS METALS 


STANDARD SPECIFICATIONS 


Ingot Copper. 


For Lake Copper Wire Bars, Cakes, Slabs, Billets, Ingots, and 


Ingot Bars. 
For Electrolytic Copper Wire Bars, Cakes, Slabs, Billets, Ingots, 
and Ingot Bars. 


For Spelter. 


For Pig Lead. 


For Nickel. 


Aluminum Alloys. 


For Light Aluminum Casting Alloys. 


Wire and Cable. 


eB 4-13. 
*B)  Se113; 
Spelter. 
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‘Nickel. 
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For Hard-Drawn Copper Wire. 

For Medium Hard-Drawn Copper Wire. 

For Soft or Annealed Copper Wire. 

For Tinned Soft or Annealed Copper Wire for Rubber Insulation. 

For Bare Concentric-Lay Copper Cable: Hard, Medium-Hard, 
or Soft. 

For Round and Grooved Hard-Drawn Copper Trolley Wire. 

For High-Strength Bronze Trolley Wire, Round and Grooved: 40 
and 65-per-cent Conductivity. 


For the Alloy: Copper, 88 per cent; Tin, 10 per cent; Zinc, 2 
per cent. 

For Brass Ingot Metal, Graded and Ungraded, for Sand Castings. 

For Bronze Bearing Metal j in Ingot Form. 

For Bronze Bearing Metals for Turntables and Movable Railroad 
Bridges. 


Solder Metal. 


For Solder Metal. 


Copper and Brass Plates, Tubes, Rods, etc. 


*B 322 ly 
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Behe 
B 165-48: 
B 14-18. 
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For Copper Plates for Locomotive Fireboxes. 

For Copper Bars for Locomotives Staybolts. 

For Seamless Copper Boiler Tubes. 

For Seamless Brass’ Boiler Tubes. 

For Seamless Admiralty Condenser Tubes and Ferrule Stock. 
For Seamless 70-30 Brass Condenser Tubes and Ferrule Stock. 
For Seamless Muntz Metal Condenser Tubes and Ferrule Stock. 
For Copper Pipe, Standard Sizes. 


i * Approved as “ Tentative American Standard’’ by the American Engineering Standards Committee. 
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Copper and Brass Plates, Tubes, Rods, etc.—Continued. 


B 43-24. For Brass Pipe, Standard Sizes. 

*B 15-18. For Brass Forging Rod. 

*B 16-18. For Free-Cutting Brass Rod for Use in Screw Machines. 
B 19-19. For Cartridge Brass. 
B 20-19. For Cartridge Brass Disks. 

*B 21-19. For Naval Brass Rods for Structural Purposes. 

*B 36-21. For High Sheet Brass. 


STANDARD METHODS 


*B 34-20. Of Battery Assay of Copper. 
B 35-24. Of Chemical Analysis of Pig Lead. 
B 38-21. Of Chemical Analysis of Spelter. 
B 41-23. Of Chemical Analysis of Nickel. 
*B 18-21. Of Chemical Analysis of Alloys of Lead, Tin, Antimony and 
Copper. 
*B 27-19. Of Chemical Analysis of Manganese Bronze 
*B 28-19. Of Chemical Analysis of Gun Metal. 
B 45-23. Of Chemical Analysis of Brass Ingots and Sand Castings. 
B 46-23. Of Chemical Analysis of Bronze Bearing Metal. 


C. CEMENT, LIME, GYPSUM, AND CLAY PRODUCTS 


STANDARD SPECIFICATIONS 


TC 9-21. Specifications and Tests for Portland Cement. 
C 10-09. For Natural Cement. 
C 7-15. For Paving Brick. 
C 21-20. For Building Brick. 
C 32-24. For Clay Sewer Brick. 
C 13-24. For Clay Sewer Pipe. 
C 14-24. For Cement-Concrete Sewer Pipe. 
C 4-24. For Drain Tile. 
C 6-24. For Hydrated Lime for Structural Purposes. 
C 45-25. For Quicklime and Hydrated Lime for Use in the Cooking of 
Rags for the Manufacture of Paper. 
C 48-24. For Quicklime and Hydrated Lime for Use in the Textile Industry. 
C 49-24. For Quicklime and Hydrated Lime for the Manufacture of Silica 
Brick. 
C 22-25. For Gypsum. 
C 23-22. For Calcined Gypsum. 
C 28-21. For Gypsum Plasters. 
C 35-25. For Gypsum Plastering Sand. 
C 36-25. For Gypsum Wall Board. 
C 37-25. For Gypsum Plaster Board. 
C 52-25. For Gypsum Partition Tile or Block. ’ 
*C 19-18. For Fire Tests of Materials and Construction. 


* Approved as ‘‘ Tentative American Standard”’ by the American Engineering Standards Committee. 
+ Approved as ‘‘American Standard’’ by the American Engineering Standards Committee. 
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STANDARD METHODS 

Of Test for Refractory Materials under Load at High Tempera- 
tures. 

Of Test for Porosity and Permanent Volume Changes in Refractory 
Materials. 

Of Test for Softening Point of Fire-Clay Brick. 

Of Ultimate Chemical Analysis of Refractory Materials, Including 
Chrome Ores and Chrome Brick. 

Of Test for Unit Weight of Aggregate for Concrete. 

Of Test for Voids in Fine Aggregate for Concrete. 

Of Making and Storing Specimens of Concrete in the Field. 

Of Making Compression Tests of Concrete. 

Of Test for Organic Impurities in Sands for Concrete. 

Of Test for Sieve Analysis of Aggregates for Concrete. 

Of Testing Gypsum and Gypsum Products. 


STANDARD DEFINITIONS 
Of Terms Relating to Sewer Pipe. 
For Clay Refractories. 
Of Terms Relating to Hollow Tile. 


RECOMMENDED PRACTICE 
For Laying Sewer Pipe. 


D. MISCELLANEOUS MATERIALS 
PRESERVATIVE COATINGS 
STANDARD SPECIFICATIONS 


For Purity of Raw Linseed Oil from North American Seed. 
For Purity of Boiled Linseed Oil from North American Seed. 
For Turpentine. 

For Perilla Oil, Raw or Refined. 

For Zinc Oxide. 

For Leaded Zinc Oxide. 

For Basic Carbonate White Lead. 

For Basic Sulfate White Lead. 

For Red Lead. 

For Ocher. 


STANDARD METHODS 
Of Test for Specific Gravity of Pigments. 
Of Testing Oleo-Resinous Varnishes. 
Of Testing Oleo-Resinous Varnishes.} 
Of Testing Shellac. 
Of Test for Determination of Wax in Shellac.? 
Of Test for Flash Point of Volatile Flammable Liquids. 
Of Routine Analysis of White Pigments. 
Of Routine Analysis of Dry Red Lead. 


* Approved as ‘‘ Tentative American Standard’’ by the American Engineering Standards Committee. 

1 To be added to the Standard Methods of Testing Oleo-Resinous Varnishes (Serial Designation: 
D 154-24) when the Book of Standards is next published. 

2 To be added to the present Standard Methods of Testing Shellac (Serial Designation: D 29-24) 
when the Book of Standards is next published. 
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Of Routine Analysis of Yellow, Orange, Red and Brown Pig- 
ments Containing Iron and Manganese. 

Of Routine Analysis of Yellow and Orange Pigments Containing 
Chromium Compounds, Blue Pigments and Chrome Green. 

Of Routine Analysis of Titanium Pigments. 


STANDARD DEFINITIONS 
Of Terms Relating to Paint Specifications. 


PETROLEUM PRODUCTS AND LUBRICANTS 


STANDARD METHODS 


Of Test for Specific Gravity of Lubricants. 

Abridged ‘Volume Correction Table for Petroleum Oils. 

Of Test for Melting Point of Paraffin Wax. 

Of Test for Flash and Fire Points by Means of Open Cup. 

Of Test for Flash Point by Means of the Pensky-Martens Closed 
Tester. 

Of Test for Water in Petroleum Products and Other Bituminous 
Materials. 

Of Test for Water and Sediment in Petroleum Products by 
Means of Centrifuge. 


ROAD MATERIALS 


STANDARD SPECIFICATIONS 


For Materials for Cement Grout Filler for Brick and Stone Block 
Pavements. 

For Materials for Cement Mortar Bed for Brick, Stone Block, 
Wood Block, Asphalt Block and Other Block Pavements. 

For Block for Granite Block Pavements. 

For Block for Recut Granite Block Pavements. 

For Block for Durax Granite Pavements. 

For Broken Slag for Waterbound Base and Wearing Course. 

For Shovel-Run or Crusher-Run Broken Slag nok Waterbound 
Base. 


STANDARD METHODS 


Of Test for Abrasion of Road Material. 

Of Test for Toughness of Rock. 

Of Test for Apparent Specific Gravity of Course Aggregates. 

Of Test for Apparent Specific Gravity of Sand, Stone and 
Slag Screenings, and Other Fine Non-Bituminous Highway 
Materials. 

Of Test for Quantity of Clay and Silt in Gravel for Highway Con- 
struction. 

Of Sampling Stone, Slag, Gravel, Sand and Stone Block for 
Use as Highway Materials, Including Some Material Survey 
Methods. 
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Of Mechanical Analysis of Sand or Other Fine Highway Material, 
except Fine Aggregates Used in Cement Concrete. 

Of Mechanical Analysis of Broken Stone or Broken Slag, except 
Aggregates Used in Cement Concrete. 

Of Mechanical Analysis of Mixtures of Sand or Other Fine 
Material with Broken Stone or Broken Slag, except Aggregates 
Used in Cement Concrete. 

Form of Specifications for Certain Commercial Grades of Broken 
stone. 

Of Test for Penetration of Bituminous Materials. 

Of Test for Loss on Heating of Oil and Asphaltic Gagineundel 

Of Test for Distillation of Bituminous Materials Suitable for 
Road Treatment. 

Of Test for Softening Point of Bituminous Materials (Ring-and- 
Ball Method). 

Of Test for Softening Point of Tar Products (Cube-in-Water 
Method). 

Of Sampling Bituminous Materials. 


STANDARD DEFINITIONS 


Of Terms Relating to Materials for Roads and Pavements. 


COAL AND COKE 


STANDARD SPECIFICATIONS 


For Foundry Coke. 
For Gas and Coking Coals. 


STANDARD METHODS 


Of Sampling Coal. 

Of Laboratory Sampling and Analysis of Coal. 
Of Laboratory Sampling and Analysis of Coke. 
Of Shatter Test for Coke. 

Of Test for Volume of Cell Space of Lump Coke. 


TIMBER AND TIMBER PRESERVATIVES 


STANDARD SPECIFICATIONS 


For Yellow-Pine Bridge and Trestle Timbers. 

For Southern Yellow-Pine Timber to be Creosoted. 

For Southern Yellow-Pine Piles and Poles to be Creosoted. 
For Wooden Paving Blocks for Exposed Pavements. 


STANDARD METHODS 


Of Sampling and Analysis of Creosote Oil. 


STANDARD DEFINITIONS 
Of Terms Relating to Structural Timber. . 


Tentative American Standard"’ by the American Engineering Standards Committee. 
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WATERPROOFING 


STANDARD SPECIFICATIONS 


For Asphalt for Use in Damp-proofing and Waterproofing 
Below Ground Level. 

For Asphalt for Use in Damp-proofing and Waterproofing Above 
Ground Level. 

For Primer for Use with Asphalt in Damp-proofing and Water- 
proofing Below and Above Ground Level. 

For High-Carbon Coal-Tar Pitch for Use in Damp-proofing and 
Waterproofing Below Ground Level. 

For High-Carbon Coal-Tar Pitch for Use in Damp-proofing and 
Waterproofing Above Ground Level. 

For High-Bitumen Coal-Tar Pitch for Use in Damp-proofing 
and Waterproofing Below Ground Level. 

For High-Bitumen Coal-Tar Pitch for Use in Damp-proofing and 
Waterproofing Above Ground Level. 

For Creosote Oil for Priming Coat with Coal-Tar Pitch in Damp- 
proofing and Waterproofing Below and Above Ground Level. 

For Ashpalt Mastic for Use in Waterproofing. 

For. Bituminous Grout for Use in Waterproofing Above Ground 
Level. 

For Bituminous Grout for Use in Waterproofing Below Ground 
Level. 

For Woven Cotton Fabrics Saturated with Bituminous Sub- 
stances for Use in Waterproofing. 

For Burlap Saturated with Bituminous Substances for Use in 
Waterproofing. 


INSULATING MATERIALS 


STANDARD METHODS 


Of Testing Molded Insulating Materials. 
Of Testing Transformer and Switch Oils. 


RUBBER PRODUCTS 


STANDARD SPECIFICATIONS 


For Cotton Rubber-Lined Fire Hose for Private Fire Depart- 
ment Use. 

For Cotton Rubber-Lined Fire Hose for Public Fire Depart- 
ment Use. 

For Wrapped Air Hose for Use with Pneumatic Tools. 

For Braided Air Hose for Use with Pneumatic Tools. 

For Wrapped Cold Water Hose. 

For Rubber Belting for Power Transmission. 

For Rubber Gloves for Electric Workers on Apparatus or 
Circuits Not Exceeding 3000 Volts to Ground. 
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For Rubber Matting for Use Around Electrical Apparatus or 
Circuits Not Exceeding 3000 Volts to Ground. 

For Rubber Pump Valves. 

For Adhesive Tape for General Use for Electrical Purposes. 


STANDARD METHODS 
Of Testing Rubber Products. 


TEXTILE MATERIALS 


STANDARD SPECIFICATIONS 


For Imperfections and Tolerances for Square-Woven Tire 
Fabrics. 

For Imperfections and Tolerances for Cord Tire Fabrics. 

For Tolerances for Hose Ducks and Belt Ducks. 

For Tolerances and Test Methods for Electrical Cotton Yarns. 

Specifications and Tests for Osnaburg Cement Sacks. 


STANDARD METHODS 
Of Testing Cotton Fabrics. 


THERMOMETERS 


STANDARD SPECIFICATIONS 
For A.S.T.M. Partial-Immersion Thermometer for General Use, 
—20 to +150° C., 0 to +300° F. 
For A.S.T.M. Partial-Immersion Thermometer for General Use, 
—5 to +300° C., +20 to +580° F. 
For A.S.T.M. Partial-Immersion Thermometer for General Use, 
—5 to +400° C., +20 to +760° F. 


E. MISCELLANEOUS SUBJECTS 


STANDARD METHODS 


Of Verification of Testing Machines. 
Of Metallographic Testing of Iron and Steel. 
Of Metallographic Testing of Non-Ferrous Metals and Alloys. 


STANDARD RULES 
Governing the Preparation of Micrographs of Metals and Alloys, 
Including Recommended Practice for Photography as Applied to 
Metallography. 
STANDARD DEFINITIONS 
Of Terms Relating to Metallography. 


PRICE LIST OF PUBLICATIONS 
(August 28, 1925) 


PROCEEDINGS 


The Proceedings of the Society may be obtained in the form of single 
volumes or complete sets at the prices indicated below, except Volumes I and 
III, which are out of print. 

BINDING 


PAPER CLOTH rites 
Volume I, 1898-1901, containing Bulletins Nos. 1 to 28 incl. LEATHER 
DR ei) EU I at RS pe a) 5 a Out of print 
Motmeannen eV SRE DD.) ia idee toes oe OC ls ces cee hook €5.00 $5.50 $6.00 
Mea envomeem S00 90 DP). erent tite cha lace teehee Out of print 
VER VrrCOUL GSS PVs Fee ae. Bo Re bk OR Sx OO)": 5x50), 6000 
PVC NIE EA a 9 bg leo Ca a, OOK S00 G00 
Voie we 0G. (12) POW) oie Dh asc cscs ce cee ec eens 5100) 55074" 6,00 
Volumen 061907 (789+ pr.)oudedetee ce ok owen cee cu sees 5.00 5.50 6.00 
AIEEE SU (OG Dr i es eas 5-00. 5.50.°..6..00 
Nee IO OPO DD) s Po ae SNe be i es eee ces ee wes SUG oot 0. 00 
Pr eraeen MCCA Ty Sls. coe 5) tle Sil wale ea a.ee o's vee 5.00). $550. 6.00 
Mot mnempe UES LUC 8O0 nt) fires ech. ell vacce lic cwse 5.00 5.50 6.00 
Mole 0910 1000.00). cal kale eke scl ce cael. 500085 150" 26:00 
Vommetem ne 19161141 ppisiueno oe eA. 7 50u SO. 8.50 
Part I—Committee Reports (484 pp.). 5.00 5.50 6.00 
ra alata Part II.—Technical Papers (678 pp.).. 5.00 5.50 6.00 
Part I.—Committee Reports (485 pp.). 5.00 5.50 6.00 
2) eee ‘ 
One a eayon aca > Part II].—Technical Papers (477 pp.).. 5.00 5.50 6.00 
Part I.—Committee Reports (613 pp.). 5.00 5.50 6.00 
1 ve ‘ 
Molec is 1916 Part II.—Technical Papers (501 pp.).. 5.00 5.50 6.00 
Part I—Committee Reports (875 pp.). 6.00 6.50 7.50 
Moiese 9 We Part II.—Technical Papers (675 pp.).. 6.00 6.50 7.50 
Part I.—Committee Reports (749 pp.). 6.00 6.50 7.50 
XVIII, 1 
Re ees Lats Part II.—Technical Papers (495 pp.).. 6.00 6.50 7.50 
Part I.—Committee Reports (799 pp.). 6.00 6.50 7.50 
1 IX, 1919.. ; 
pois tee 2 Part II.—Technical Papers (802 pp.).. 6.00 6.50 7.50 
Part I.—Committee Reports (848 pp.). 6.00 6.50 8.00 
eo a. ry Senactiinal Papersi(311,pp,).y, 6.00 11.650, 68,00 
Volume 21, 1921..,.... Committee Reports and Technical 
Papersr(l197 Bp.) swig se'se oe ad dance 10.00 11.00 12.50 
Part I.—Committee Reports (1023 pp.) 6.00 6.50 8.00 
Mts 1222. ty Part II.—Technical Papers (591 pp.).. 6.00 6.50 8.00 
Part I.—Committee Reports (1006 pp.) 6.00 6.50 8.00 
VOHNe geet 225+ + \ooed TI. Technical, Papers.(683\pp.)...6.90. 1.6550... 8.00 
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Part I.—Committee Reports (1173 pp.)$6.00 $6.50 $8.00 
Part II.—Technical Papers (1133 pp.). 6.00 6.50 8.00 
Part I.—Committee Reports (— pp.). 6.00 6.50 8.00 
Part II.—Technical Papers (— pp.).. 6.00 6.50 8.00 

Members of the Society may obtain back Proceedings for the completion 
of their personal files, or extra copies of current Proceedings, at the following 
special prices: 


Volume 24, 1924.... 


Volume 25, 1925.... 


BINDING 
PAPER CLOTH HAaALF-LEATHER 
Volumes IT-and IV to XII, mel. ..c.«.... .0.,each) $3200 5 $3050 $4.00 
VolumexxIT Dae. tie Ss co See Lt ee ee ee 5.00 5.50 6.00 
‘ Part I..each 3.00 3.50 4.00 
PER eS RO SUN TANG Des N ir chs re 4.00 
d Past L...each, 3:50 4.00 5.00 
Se eair aommmnlieata CRAM RE ah ap omey see Ke Ese OM 5.00 
Bartel here ce eee 3.50 4.00 S250 
A ies et GIP ies Se aera 81 3.50), ..4,00(chensean 
Volumez2 bu 20.0 on eee) 2 ee Ree ey 6.00 7.00 8.50 
Part diaiet ys Shs each 3.50 4.00 5.50 
VER tual oy eakesi iene Tea oa each 3.50 4.00 5.50 
SPECIAL PRICES FOR VOLS. II AND IV-XI, INCLUSIVE, INCLUDING INDEX 
PAPER CLoTtH HALF-LEATHER 
"hONORATICTILDETS Ae xdrst hae tn deed ee $30.00 $35.00 $40.00 
Tolmembere.: 7. nie aa cata cake One 20.00 25.00 30.00 
SPECIAL PRICES FOR VOLS. XIII-XX, INCLUSIVE, INCLUDING INDEX 
PAPER CLoTtH HALF-LEATHER 
To ponsmembersi eure eae $60.00 $70.00 $80.00 
To, members..).0..% Se BSL ae 40.00 50.00 60.00 


INDEX TO PROCEEDINGS 


An Index to Volumes I-XX, inclusive, of the Proceedings in two volumes 


may be obtained at the following prices: 
HALrF- 
CLOTH LEATHER 


To non-members... $1.50 ¢€2.00 
To members...... 1.00 1.50 
To non-members 2.50 3.50 
To members.... 1.75 2:75 


BOOK OF A.S.T.M. STANDARDS 


The Book of A.S.T.M. Standards is published triennially, and contains all 
of the standards of the Society in their latest revised form. ‘The 1924 edition 
(1230 pp.), which is issued in cloth and half-leather bindings, contains the 220 
standards adopted by the Society up to 1924. In 1925, thirty-four additional 
standards and four revisions of existing standards, two of these being of the 
nature of additions, were published in a supplement to the Book of Standards. 
Copies of the 1924 edition of the Book of A.S.T.M. Standards, together with 
the 1925 supplement, may be obtained at the following prices: 


CLotH HALF-LEATHER 
TO noh-members.k. WN 1) ee ees Se eee ke $12.00 $13.50 
To members, for extra copies........ REYES Lenk 3 8.50 10.00 


Index to Vols. I-XII. (158 pp.). 


Index to Vols. XIII-XX (189 pp.). 
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A.S.T.M. STANDARDS ADOPTED IN 1925 
The 1925 supplement to the 1924 Book of A.S.T.M. Standards containing 
the 36 newly adopted or revised standards of the Society comprises a pamphlet 
of approximately 120 pages, and is available at the following prices: 


BOOK OF A.S.T.M. TENTATIVE STANDARDS 
The Book of A.S.T.M. Tentative Standards is published annually, and 
contains all of the Tentative Standards of the Society in their latest revised 
form. Tentative Standards are proposed standards that are published for one 
or more years to elicit criticism and discussion. The 1925 edition (876 pp.) 
contains 193 Tentative Standards and may be obtained at the following prices: 


PAPER CLOTH 
PRESTO TITTIISCTS AO ghee ee a Re fue gl $7.00 $8.00 
GTA LET ef RR re ae IN REAR oll ee a 4.50 S250 


INDIVIDUAL STANDARDS AND TENTATIVE STANDARDS 


The Standards and Tentative Standards of the Society may also be obtained 
separately at the following prices: 


er simele copies and. ote tip 6050... ois bas wie ace eke nse 25 cents. 
er ETC 2 SAN i oe. on vy at ale a « 20 cents each. 
LC Leon Wn 4s Rr SEE H 6 een OP a Sn aap 15 cents each. 


In ordering, the serial designation of each Standard or Tentative Standard 
should be stated. 


: YEAR BOOK 
The 1925 Year Book (352 pp.), containing the charter and by-laws, the list 


of members, the list and personnel of the standing committees, and other data, 
may be obtained at the following prices: 


REPORTS OF COMMITTEE D-1 ON PRESERVATIVE COATINGS FOR 
STRUCTURAL MATERIALS 

The valuable annual reports of Committee D-1 on Preservative Coatings 

for Structural Materials from 1903 to 1914, inclusive, are published in the form 

of a single volume of 567 pages, which may be obtained at the following price: 


MRREEL YES ©, ep et, SN es tcce uke cote ew ltd disibve ad ate gerale $5.00 


REPORT OF THE JOINT COMMITTEE ON STANDARD SPECIFICATIONS 
FOR CONCRETE AND REINFORCED CONCRETE 

The 1924 report contains the standard specifications for concrete and 
reinforced concrete prepared by a Joint Committee of the American Society 
of Civil Engineers, American Society for Testing Materials, American Railway 
Engineering Association, the American Concrete Institute and the Portland 
Cement Association. As reprinted, the report is complete with 18 appendices, 
including 14 A.S.T.M. specifications and methods of test that are a manda- 
tory part of the general specifications (152 pages, paper cover). 


rat T) CIN LIETS asec tal sack et eb eh he ik DUES he $1.50 
PRSRCERERYIDCTS «i575 Getitik ol ont eho a ick ih Bc ul SRE TV RNNN | 1.00 
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LIST OF ALLOYS 


A List of Alloys (30 pp.) prepared by William Campbell for Committee 
B-2 on Non-Ferrous Metals and Alloys, giving the compositions of some 1550 
alloys, most of which are non-ferrous. 


Borisingle. copies) “Pep Nee Ute PO ea Pride $1.00 
Intiots OFS or more sain sc uicce Meas ie amen ean a erect .85 per copy. 


CORROSION-RESISTANT, HEAT-RESISTANT, AND ELECTRICAL- 
RESISTANCE ALLOYS 


A reprint pamphlet containing the thirteen papers, including an intro- 
duction presenting data in tabular form on the chemical and physical properties 
of the various alloys, together with the discussion presented during a Symposium 
on Corrosion-Resistant, Heat-Resistant, and Electrical- Resistance aoe held 
at the annual meeting of the Society in June, 1924. 


PSO PACES a Lie Bee ooO  oa Ce e ae eee $2.00 per copy. 


EFFECT OF TEMPERATURE UPON THE PROPERTIES OF METALS 


The papers, complete with bibliography, and the discussion presented 
during a Symposium on Effect of Temperature upon the Properties of Metals 
held at a joint meeting of the American Society of Mechanical Engineers and 
the American Society for Testing Materials in May, 1924, have been collected 
in pamphlet form. Methods of test and valuable data on the properties of 
ferrous and non-ferrous metals and alloys at various temperatures are included. 


B75 PAROS. eA Teen caer aes tal, oe a $1.50 per copy. 


TEXTILE MATERIALS 


In September, 1925, a special reprint pamphlet (70 pp.) was issued con- 


taining all the standards and tentative standards of the Society relating to 
textile materials. In addition to the six standards and eight tentative 
standards, the pamphlet contains data relating thereto and information con- 
cerning Committee D-13 on Textile Materials. 


WINGS COPIES ae o/c asin vere tac d bs tle erat ehupaaubaulehe shy Canis ty Sit ara $1.00 


DISCOUNTS 


Libraries, publishers and book dealers are allowed a discount of 20 per cent 
on the list prices to non-members of all publications of the Society. 


ORDERS 
Orders for publications should be addressed to: 
AMERICAN SOCIETY FOR TESTING MATERIALS, 


1315 Spruce Street, 
Philadelphia, Pa. 
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Absorption. 
Method of Test for Water Absorption of Slate, 590. 


Admiralty Metal. 
Tentative Revision of Standard Specifications for Seamless Admiralty Con- 
denser Tubes and Ferrule Stock, 820. 


Aggregates. 

Definition of the Term Sand, 257. 

Method of Decantation Test for Sand and Other Fine Aggregates, 489. 

Method of Test for Quantity of Clay in Sand-Clay, Topsoil and Semi-Gravel 
for Highway Construction, 487. 

Specifications for Broken Slag for Bituminous Concrete Base, 442. 

Specifications for Broken Slag for Bituminous Concrete (Coarse-Graded Aggre- 
gate Type), 445. 

Specifications for Broken Slag for Bituminous Concrete (Fine-Graded Aggre- 
gate Type), 447. 

Specifications for Broken Slag for Bituminous Macadam Base, 440. 

Specifications for Broken Slag for Bituminous Macadam Wearing Course, 443. 

Specifications for Broken Stone for Bituminous Concrete Base, 436. 

Specifications for Broken Stone for Bituminous Concrete Surface, 438. 

Specifications for Broken Stone for Bituminous Macadam, 434. 

Specifications for Broken Stone for Waterbound Base, 430. 

Specifications for Broken Stone for Waterbound Macadam Surface Course, 432. 

Specifications for Commercial Sizes of Broken Stone and Broken Slag for High- 
way Construction, 425. 

Specifications for Commercial Sizes of Sand and Gravel for Highway Construc- 
tion, 428. 

Specifications for Concrete Aggregates, 209. 

Specifications for Sand for Sheet Asphalt and Bituminous Concrete Pavements, 
448. 

Alloys. 

Methods of Chemical Analysis of Aluminum and Light Aluminum Alloys, 171. 

Specifications for Aluminum Base Alloy Sand Castings, 128. 

Specifications for Bronze Trolley Wire, 132. ; 

Specifications for Manganese-Bronze Ingots for Sand Castings, 143. 

Specifications for Manganese-Bronze Sand Castings, 145. 

Specifications for Muntz Metal Condenser Tube Plates, 148. 

Specifications for Non-Ferrous Alloys for Railway Equipment in Ingots, Caste 
ings, and Finished Car and Tender Bearings, 150. 

Specifications for Non-Ferrous Insect Screen Cloth, 168. 
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Alloys (Continued): 

Specifications for Phosphor Copper, 124. 

Specifications for Phosphor Tin, 122. 

Specifications for Silicon Copper, 126. 

Specifications for White Metal Bearing Alloys (known commercially as ‘‘ Babbitt 
Metal’), 155. 

Tentative Revision of Standard Specifications for Light Aluminum Casting 
Alloys, 820. 


Alloy-Steel. 

Specifications for Alloy-Steel Bolting Material for High-Temperature Service, 67. 

Specifications for High-Speed Tool Steel, 25. 

Specifications for Structural Silicon Steel, 58. 

Tentative Revision of Standard Specifications for Carbon-Steel and Alloy-Steel 
Forgings, 813. 

Tentative Revision of Standard Specifications for Quenched-and-Tempered 
Alloy-Steel Axles, Shafts and Other Forgings for Locomotives and Cars, 813. 


Aluminum. 
Methods of Chemical Analysis of Aluminum and Light Aluminum Alloys, 171. 
Specifications for Aluminum for Use in the Manufacture of Iron and Steel, 165. 
Specifications for Aluminum Ingots for Remelting, 160. 
Specifications for Aluminum Sheet, 162. 
Specification for Aluminum Base Alloy Sand Castings, 128. 
Tentative Revision of Standard Specifications for Light Aluminum Casting 
Alloys, 820. 
Anchor Chain. 
Specifications for Electric Cast-Steel Anchor Chain, 32. ; 
Asphalt. 
Method of Test for Specific Gravity of Asphalts and Tar Pitches Sufficiently 
Solid to be Handled in Fragments, 485. 
Method of Test for Specific Gravity of Road Oils, Road Tars, Asphalt Cements 
and Soft Tar Pitches, 482. 
Methods of Testing Smooth-Surfaced Asphalt Roll-Roofing, Slate-Surfaced 
Asphalt Roll-Roofing and Slate-Surfaced Asphalt Shingles, 628. . 
Specifications for Acid-Resisting Asphalt Mastic, 595. 
Specifications for Asphalt Cement, 10 to 15 Penetration, for the Manufacture 
of Asphalt Block, 452. 
Specifications for Asphalt Cement, 15 to 25 Penetration, for the Manufacture 
of Asphalt Block, 453. 
Specifications for Asphalt Cement, 25 to 30 Penetration, for Use in Sheet 
Asphalt and Asphaltic Concrete Pavements, 454. 
Specifications for Asphalt Cement, 30 to 40 Penetration, for Usein Sheet Asphalt 
and Asphaltic Concrete Pavements, 456. - 
Specifications for Asphalt Cement, 40 to 50 Penetration, for Use in Sheet Asphalt 
and Asphalti¢ Concrete Pavements, 458. 
Specifications for Asphalt Cement, 50 to 60 Penetration, for Use in Sheet Asphalt 
and Asphaltic Concrete Pavements, 459. 
Specifications for Asphalt Cement, 60 to 70 Penetration, for Use in Sheet Asphalt, 
Asphaltic Concrete, and Asphalt Macadam Pavements, 460. 
Specifications for Asphalt Cement, 85 to 100 Penetration, for Use in Asphalt 
Macadam Pavements, 461. 
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Asphalt (Continued): 

Specifications for Asphalt Cement, 100 to 120 Penetration, for Use in Asphalt 
Macadam Pavements, 462. 

Specifications for Asphalt Cement, 120 to 150 Penetration, for Use in Asphalt 
Macadam Pavements, 463. 

Specifications for Asphalt-Saturated Roofing Felt for Use in Waterproofing and 
in Constructing Built-up Roofs, 606. 

Specifications for Sand for Sheet Asphalt and Bituminous Concrete Pavements, 
448, 

Specifications for Slate-Surfaced Asphalt Roll-Roofing and Slate-Surfaced 
Asphalt Shingles, 601. 

Specifications for Smooth-Surfaced Asphalt Roll-Roofing, 597. 


Axles. 

Specifications for Carbon-Steel Car and Tender Axles, 53. 

Tentative Revision of Standard Specifications for Carbon-Steel Car and ‘lender 
Axles, 814. 

Tentative Revision of Standard Specifications for Quenched-and-Tempered 
Alloy-Steel Axles, Shafts and Other Forgings for Locomotives and Cars, 813. 

Tentative Revision of Standard Specifications for Quenched-and-Tempered 
Carbon-Steel Axles, Shafts and Other Forgings for Locomotives and Cars, 
813. 


B 
Babbitt Metal. 
Specifications for Non-Ferrous Alloys for Railway Equipment in Ingots, Cast- 
ings, and Finished Car and Tender Bearings, 150, 
Specifications for White Metal Bearing Alloys (known commercially as ‘‘ Babbitt 
Metal’’), 155. 
Bars. . 
Tentative Revision of Standard Specifications for Staybolt, Engine-Bolt and 
Extra-Refined Wrought-Iron Bars, 815. 


Bearings. 
Specifications for Non-Ferrous Alloys for Railway Equipment in Ingots, Cast- 
ings, and Finished Car and Tender Bearings, 150. 
Specifications for White Metal Bearing Alloys (known commercially as ‘‘ Babbitt 
Metal’), 155. 


Bituminous Materials. 

Methods of Float Test for Bituminous Materials, 503. 

Method of Test for Coke Residue of Creosote Oil, 584. 

Method of Test for Ductility of Bituminous Materials, 501. 

Method of Test for Specific Gravity of Asphalts and Tar Pitches Sufficiently 
Solid to be Handled in Fragments, 485. 

Method of Test for Specific Gravity of Road Oils, Road Tars, Asphalt Cements 
and Soft Tar Pitches, 482. 

Method of Test for the Determination of Bitumen, 496. 

Method of Test for the Determination of Proportion of Bitumen Soluble in 
Carbon Tetrachloride, 499. 

Methods of Testing Bituminous Mastics, Grouts and Like Mixtures, 622. 

Methods of Testing Cable Splictng and Pothead Compounds, 682. 
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Bituminous Materials (Continued): 


Methods of Testing Felted and Woven Fabrics Saturated with Bituminous 
Substances for Use in Waterproofing and Roofing, 612. 

Methods of Testing Smooth-Surfaced Asphalt Roll-Roofing, Slate-Surfaced 
Asphalt Roll-Roofing and Slate-Surfaced Asphalt Shingles, 628. 

Specifications for Acid-Resisting Asphalt Mastic, 595. 

Specifications for Asphalt Cement, 10 to 15 Penetration, for the Manufacture 
of Asphalt Block, 452. 

Specifications for Asphalt Cement, 15 to 25 Penetration, for the Manufacture 
of Asphalt Block, 453. 

Specifications for Asphalt Cement, 25 to 30 Penetration, for Usein Sheet Asphalt 
and Asphaltic Concrete Pavements, 454. 

Specifications for Asphalt Cement, 30 to 40 Penetration, for Use in Sheet Asphalt 
and Asphaltic Concrete Pavements, 456. 

Specifications for Asphalt Cement, 40 to 50 rah amc itey for Use in Sheet Asphalt 
and Asphaltic Concrete Pavements, 458. 

Specifications for Asphalt Cement, 50 to 60 Penetration, for Use in Sheet Asphalt 
and Asphaltic Concrete Pavements, 459. 

Specifications for Asphalt Cement, 60 to 70 Penetration, for Use in Sheet Asphalt, 
Asphaltic Concrete, and Asphaltic Macadam Pavements, 460. 

Specifications for Asphalt Cement, 85 to 100 Penetration, for Use in Asphalt . 
Macadam Pavements, 461. 

Specifications for Asphalt Cement, 100 to 120 Penetration, for Use in Aopante 
Macadam Pavements, 462. 

Specifications for Asphalt Cement, 120 to 150 Penetration, for Use in Asphalt 
Macadam Pavements, 463. 

Specifications for Asphalt-Saturated Roofing Felt for Use in Waterproofing and 
in Constructing Built-Up Roofs, 606, 

Specifications for Coal-Tar Saturated Roofing Felt for Use in Waterproofing 
‘and in Constructing Built-Up Roofs, 609. 

Specifications for Coal-Tar Pitch for Stone Block Filler, 480. 

Specifications for High-Carbon Tar Cement, 476. 

Specifications for High-Carbon Tar Cement for Use Cold in Repair Work (Cut- 
Back Product), 468. 

Specifications for High-Carbon Tar for Surface Treatment, Cold Application, 
464. 

Specifications for High-Carbon Tar for Surface Treatment, Hot Application, 472, 

Specifications for Low-Carbon Tar Cement, 478. 

Specifications for Low-Carbon Tar Cement for Use Cold in Repair Work (Cut- 
Back Product), 470. 

Specifications for Low-Carbon Tar for Surface Treatment, Cold Application, 466. 

Specifications for Low-Carbon Tar for Surface Treatment, Hot Application, 474. 

Specifications for Slate-Surfaced Asphalt Roll-Roofing and Slate-Surfaced 
Asphalt Shingles, 601. 

Specifications for Smooth-Surfaced Asphalt Roll-Roofing, 597. 

Tentative Revision of Standard Method of Test for Distillation of Bituminous 
Materials Suitable for Road Treatment, 829. 


Boiler Tubes. 


Tentative Revision of Standard Specifications for Lap-Welded and Seamless 
Steel and Lap-Welded Iron Boiler Tubes, 814. 


INDEX OF THE TENTATIVE STANDARDS 855 


Bolts. 
Specifications for Alloy-Steel Bolting Material for High-Temperature Service, 67. 
Specifications for Low-Carbon-Steel Track Bolts, 29. 
Bone Black. 
Specifications for Bone Black, 290. 
Boxes. 
Specifications for Canned Foods Boxes, Wirebound Construction, 702. 
General Specifications for 4-One Boxes and Similar Type Boxes, 711. 
General Specifications for Wooden Boxes, Nailed and Lock-Corner Construc- 


tion, 704. 
Specifications for Wooden Boxes, Nailed and Lock-Corner Construction, for 
the Shipment of Canned Foods, 701. - ; 
Brass. 


Tentative Revision of Standard Specifications for Naval Brass Rods for Struc- 
tural Purposes, 821. 
Tentative Revision of Standard Specifications for High Sheet Brass, 821. 
Brick. 
Method of Test for Resistance of Fire-Clay Brick to Spalling Action, 250. 
Specifications for Concrete Building Brick, 212. 
Tentative Revision of Standard Specifications for Paving Brick, 825. 
Brinell Hardness. 
Methods of Brinell Hardness Testing of Metallic Materials, 788. 
Bronze, 
Specifications for Bronze Trolley Wire, 132. 
Specifications for Manganese-Bronze Ingots for Sand Castings, 143. 
Specifications for Manganese-Bronze Sand Castings, 145. 
Specifications for Non-Ferrous Alloys for Railway Equipment in Ingots, Cast- 
ings, and Finished Car and Tender Bearings, 150. 
Tentative Revision of Standard Specifications for High-Strength Bronze Trolley 
Wire, Round and Grooved, 40 and 65-per-cent Conductivity, 820. 
Building Tile. 
See Tile. 
Burning Quality. 
Method of Test for Burning Quality of Kerosine Oils, 377. 
* Method of Test for Burning Quality of Long-Time Burning Oil for Railway 
Use, 383. 


Cc 

Cable. 

Specifications for Insulated Wire and Cable: 30-per-cent Hevea Rubber, 716. 
Cable Splicing. 

Methods of Testing Cable Splicing and Pothead Compounds, 682. 
Calcium Chloride. 

Specifications for Calcium Chloride for Dust Prevention, 450. 
Carbon Residue. 

Method of Test for Carbon Residue of Lubricants, 409, 

Method of Test for Coke Residue of Creosote Oil, 584. 
Carburizing. 

Recommended Practice for Carburizing and Heat Treatment of Carburized 

Objects, 116. 
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Case Hardening. 
See Carburizing. 


Castings. 

Specifications for Carbon-Steel Castings for Railroads, 47. 

Specifications for Carbon-Steel Castings for Valves, Flanges, and Fittings for 
High-Temperature Service, 63. 

Specifications for Electric Cast-Steel Anchor Chain, 32. 

Specifications for Aluminum Base Alloy Sand Castings, 128. 

Specifications for Manganese-Bronze Ingots for Sand Castings, 143. 

Specifications for Manganese-Bronze Sand Castings, 145. 

Specifications for Non-Ferrous Alloys for Railway Equipment in Ingots, Cast- 
tings, and Finished Car and Tender Bearings, 150. 

Tentative Revision of Standard Specifications for Light Aluminum Casting 
Alloys, 820. 

Tentative Revision of Standard Specifications for Malleable Castings, 815. 


\ 


Cement. 
Method of Test for Consistency of Portland-Cement Concrete, 494. 
Specifications and Tests for Compressive Strength of Portland-Cement Mortars, 
193%, 
Tentative Revision of Standard Specifications and Tests for Portland Cement, 
822. 
Chain. 
Specifications for Electric Cast-Steel Anchor Chain, 32. 
China Wood Oil. 
See Tung Oil. 


Chrome Green. 
Specifications for Pure Chrome Green, 294. 
Specifications for Reduced Chrome Green, 296. 


Chrome Yellow. 
Specifications for Chrome Yellow, 292. 


Clay. 

Method of Test for Quantity of Clay in Sand-Clay, Topsoil and Sermi-Gravel for 
Highway Construction, 487. 

Method of Test for Resistance of Fire-Clay Brick to Spalling Action, 250. 

Methods of Testing Electrical Porcelain, 640. 

Specifications and Tests for Hollow Burned-Clay Fireproofing, Partition and 
Furring Tile, 223. 

Specifications and Tests for Hollow Burned-Clay Floor Tile, 228. 

Specifications and Tests for Hollow Burned-Clay Load-Bearing Wall Tile, 217. 

Specifications for Natural or Artificial Sand-Clay Mixtures for Road Surfacing, 
449, 


Cloud Point. 
Method of Test for Cloud and Pour Points of Petroleum Products, 412. 


Coal. 
Definitions of Terms Relating to Coal, 515. 
Method of Test for Fineness of Powdered Coal, 507. 
Tentative Revision of Standard Methods of Laboratory Sampling and Analysis 
of Coal, 829. 
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Coal-Tar. 
See Tar. 


Coke. 
Definitions of Terms Relating to Coke, 512. 
Tentative Revision of Standard Methods of Laboratory Sampling and Analysis 
of Coke, 829. 


Coke Residue. 
See Carbon Residue. 
Color. 
Method of Test for Color of Lubricating Oils by Means of Union Colorimeter, 
364. 
Method of Test for Color of Petrolatum by Means of the Union Colorimeter, 369. 
Method of Test for Color of Refined Petroleum Oil by Means of Saybolt Chro- 
mometer, 374. 
Compression Testing. 
Methods of Compression Testing of Metallic Materials, 783. 
Specifications and Tests for Compressive Strength of Portland-Cement Mor- 
tars, 193. 
Concrete. 
Method of Securing Specimens of Hardened Concrete from the Structure, 252. 
Method of Test for Consistency of Portland-Cement Concrete, 494. 
Rules for Inspection of Concrete and Reinforced Concrete Work, 258. 
Specifications for Asphalt Cement, 25 to 30 Penetration, for Use in Sheet Asphalt 
and Asphaltic Concrete Pavements, 454. 
Specifications for Asphalt Cement, 30 to 40 Penetration, for Use in Sheet As- 
phalt and Asphaltic Concrete Pavements, 456. 
Specifications for Asphalt Cement, 40 to 50 Penetration, for Use in Sheet As- 
phait and Asphaltic Concrete Pavements, 458. 
Specifications for Asphalt Cement, 50 to 60 Penetration, for Use in Sheet Asphalt 
and Asphaltic Concrete Pavements, 459. 
Specifications for Asphalt Cement, 60 to 70 Penetration, for Use in Sheet Asphalt, 
Asphaltic Concrete, and Asphalt Macadam Pavements, 460. 
Specifications for Broken Slag for Bituminous Concrete Base, 442. 
Specifications for Broken Slag for Bitumious Concrete (Coarse-Graded Agere- 
gate Type), 445. 
Specifications for Broken Slag for Bituminous Concrete (Fine-Graded Aggre- 
gate Type), 447. 
Specifications for Broken Stone for Bituminous Concrete Base, 436. 
Specifications for Broken Stone for Bituminous Concrete Surface, 438. 
Specifications for Cold-Drawn Steel Wire for Concrete Reinforcement, 45. 
Specifications for Concrete Aggregates, 209. 
Specifications for Concrete Building Brick, 212. 
Specifications for Sand for Sheet Asphalt and Bituminous Concrete Pavements, 
448. 
Tentative Revision of Standard Specifications for Cement-Concrete Sewer 
Pipe, 822. 
Condenser Tubes. 
Specifications for Muntz Metal Condenser Tube Plates, 148. 
Tentative Revision of Standard Specifications for Seamless Admiralty Condenser 
Tubes and Ferrule Stock, 820. 
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Consistency. 
Method of Test for Consistency of Portland-Cement Concrete, 494. 
Method of Test for Penetration of Greases, 352. 


Copper. 

Specifications for Hot-Rolled Copper Rods for Wire Drawing, 141. 

Specifications for Non-Ferrous Insect Screen Cloth, 168. 

Specifications for Phosphor Copper, 124. 

Specifications for Silicon Copper, 126. 

_ Specifications for Soft Rectangular Copper Wire, 137. 

Tentative Revision of Standard Specifications for Electrolytic Copper Wire 
Bars, Cakes, Slabs, Billets, Ingots, and Ingot Bars, 819. 

Tentative Revision of Standard Specifications for Lake Copper Wire. Bars, 
Cakes, Slabs, Billets, Ingots, and Ingot Bars, 816. 


Cotton. 
Methods of Testing Cotton Fibers, 756. 
Specifications for Tolerances and Test Methods for Cotton Sewing Threads, 747. 
Specifications for Tolerances and Test Methods for Cotton Yarns, Single and 
Plied, 741. 
Specifications for Tolerances for Numbered Cotton Duck, 750. 


Creosote Oil. 
Method of Test for Coke Residue of Creosote Oil, 584. 
Tentative Revision of Standard Methods of Sampling and Analysis of Creosote 
Oil, 830. . 


D 


Damp-proofing. 
See Waterproofing. 


Decantation Test. 
Method of Decantation Test for Sand and Other Fine Aggregates, 489. 
Method of Test for Quantity of Clay in Sand-Clay, Topsoil and Semi-Gravel 
for Highway Construction, 487. 


Definitions of Terms. 
Definition of the Term Sand, 257. 
Definition of the Term Screen (Sieve), 808. 
Definitions of Terms Relating to Coal, 515. 
Definitions of Terms Relating to Coke, 512. 
Definitions of Terms Relating to the Gypsum Industry, 255. 
Definitions of Terms Relating to Lime, 254. 
Definitions of Terms Relating to Methods of Testing, 798. 
Definitions of Terms Relating to Specific Gravity, 806. 
Definitions of Terms Relating to Textile Materials, 763. 
Tentative Revision of Standard Definitions of Terms Relating to Paint Specifica- 

tions, 835. 


Deoxidizers. 
Specifications for Phosphor Copper, 124. 
Specifications for Phosphor Tin, 122. 
Specifications for Silicon Copper, 126. 
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Dielectric Strength. 
Method of Testing Electrical Insulating Materials for Voltage Effects at Radio 
Frequencies, 676. 
Methods of Testing Electrical Insulating Materials for Phase Difference (Power 
Factor) and Dielectric Constant at Radio Frequencies, 657. 
Methods of Testing Electrical Porcelains, 640. 
Methods of Testing Insulating Varnishes, 633. 
Methods of Testing Cable Splicing and Pothead Compounds, 682. 
Methods of Testing Sheet and Tape Insulating Materials for Dielectric 
Strength, 650. 
Distillation. 
Method of Test for Distillation of Gasoline, Naphtha, Kerosine, and Similar 
Petroleum Products, 325. 
Method of Test for Distillation of Natural Gas Gasoline, 333. 
Methods of Testing Gas Oils (Gravity, Distillation, Sulfur, Carbon Residue, 
Pour Point, Viscosity, Water), 419. 
Tentative Revision of Standard Method of Test for Distillation of Bituminous 
Materials Suitable for Road Treatment, 829. 
Ditch Filling. 
Specifications for Required Safe Crushing Strengths of Sewer Pipe to Carry 
Loads from Ditch Filling, 196. 
Douglas Fir. 
- Specifications for Structural Douglas Fir, 517. 


Duck. 
Specifications for Tolerances for Numbered Cotton Duck, 750. 
Ductility. 
Method of Test for Ductility of Bituminous Materials, 501. 
E 
Emusification. 
Method of Test for Steam Emulsion of Lubricating Oils, 398. 
F 
Fabrics. 


Methods of Testing Felted and Woven Fabrics Saturated with Bituminous 
Substances for Use in Waterproofing and Roofing, 612. 
Felt. 
Methods of Testing Felted and Woven Fabrics Saturated with Bituminous 
Substances for Use in Waterproofing and Roofing, 612. 
Specifications for Asphalt-Saturated Roofing Felt for Use in Waterproofing and 
in Constructing Built-Up Roofs, 606. 
Specifications for Coal-Tar Saturated Roofing Felt for Use in Waterproofing and 
in Constructing Built-Up Roofs, 609. 
Ferro-Alloys. | 
Methods of Chemical Analysis of Ferro-Alloys, 90. 
Methods of Sampling Ferro-Alloys, 85. 
Specifications for Ferro-Chromium, 76. 
Specifications for Ferro-Manganese, 74. 
Specifications for Ferro-Silicon, 75. 
Specifications for Ferro-Vanadium, 77. 
Specifications for Spiegeleisen, 73. 
Specifications for Tungsten Powder, 72. 
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Ferro-Chromium. 
Specifications for Heres: Chromium, 76. 


Ferro-Manganese. 
Specifications for Ferro-Manganese, 74. 


Ferro-Silicon. 
Specifications for Ferro-Silicon, 75. 


Ferro-Vanadium. 
Specifications for Ferro-Vanadium, 77. 


Fibers. 
Methods of Testing Cotton Fibers, 756. 
Fireproofing. 
Specifications and Tests for Hollow Burned-Clay Fireproofing, Partition and 
Furring Tile, 223. 
Tentative Revision of Standard Specifications for Fire Tests of Materials and: 
Construction, 822. 
Flexure Testing. 
Methods of Flexure Testing of Slate (Determination of Modulus of Rupture and 
Modulus of Elasticity), 592. 


Float Test. 
Method of Float Test for Bituminous Materials, 503. 


Fluxes. 
Specifications for Phosphor Copper, 124. 
Specifications for Phosphor Tin, 122. 
Specifications for Silicon Copper, 126. 


Foots. 
Specifications for Foots Permissible in Properly Clarified Pure Raw Linseed Oil 
from North American Seed, 279. 


Forgings. 

Specifications for Carbon-Steel Car and Tender Axles, 53. 

Specifications for Steel Plates of Flange Quality for Forge Welding, 41. 

Specifications for Steel Plates of Structural Quality for Forge Welding, 36. 

Tentative Revision of Standard Specifications for Carbon-Steel and Alloy-Steel 
Forgings, 813. 

Tentative Revision of Standard Specifications for Carbon-Steel Car and Tender 
Axles, 814. 

Tentative Revision of Standard Specifications for Carbon-Steel Forgings for 
Locomotives, 813. 

Tentative Revision of Standard Specifications for Quenched-and-Tempered 
Alloy-Steel Axles, Shafts and Other Forgings for Locomotives and Cars, 813. 

Tentative Revision of Standard Specifications for Quenched-and-Tempered 
Carbon-Steel Axles, Shafts and Other Forgings for Locomotives and Cars, 813. 


Free Acid. 
Method of Test for Neutralization Number of Petroleum Products and Lubri- 
cants, 406. 


Free Alkali. 
Method of Test for Neutralization Number of Petroleum Products and Lubri- 
cants, 406. 
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G 
Galvanizing. 
Specifications for Hot-Dipped Galvanized Sheets, 81. 
Gas Oils. 


Methods of Testing Gas Oils (Gravity, Distillation, Sulfur, Carbon Residue, 
Pour Point, Viscosity, Water), 419. 


Gasoline. 
Method of Test for Detection of Free Sulfur and Corrosive Sulfur Compounds 
in Gasoline, 394. 
Method of Test for Distillation of Gasoline, Naphtha, Kerosine, and Similar 
Petroleum Products, 325. 
Method of Test for Distillation of Natural Gas Gasoline, 333. 


Gravel. 
Method of Test for Quantity of Clay in Sand-Clay, Topsoil and Semi-Gravel 
for Highway Construction, 487. 
Specifications for Commercial Sizes of Sand and Gravel for Highway Construc- 
tion, 428. 


Grease. 
Method of Analysis of Grease, 343. 
Method of Test for Penetration of Greases, 352. 


Grout. 
Methods of Testing Bituminous Mastics, Grouts and Like Mixtures, 622. 


Gypsum. 
Definitions of Terms Relating to the Gypsum Industry, 255. 
Tentative Revision of Standard Methods of Testing Gypsum and Gypsum 
Products, 826. 


H 


Hardness. 
Methods of Brinell Hardness Testing of Metallic Materials, 788. 


Heat Treatment. 
Recommended Practice for Carburizing and Heat Treatment of Carburized 
Objects, 116. 
Recommended practice in the heat treatment of 18-per-cent tungsten high-speed 
steel, Specifications for High-Speed Tool Steel, 27. 
Recommended practice in the heat treatment of plain carbon tool steel, Specifi- 
cations for Carbon Tool Steel, 21. 
Tentative Revision of Recommended Practice for Heat Treatment of Case- 
Hardened Carbon-Steel Objects, 816. 
High Temperature. 
Specifications for Alloy-Steel Bolting Material for High-Temperature Service, 67. 
Specifications for Carbon-Steel Castings for Valves, Flanges, and Fittings for 
High-Temperature Service, 63. 
Hose. 
Specifications for Steam Hose, 732. 
Hydrated Lime. 
See Lime. 
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I 
Illuminating Oils. 
Method of Test for Burning Quality of Kerosine Oils, 377. 
Method of Test for Burning Quality of Long-Time Burning Oil for Railway 
Use, 383. 
Method of Test for Sulfur in Naphthas and Illuminating Oils, 387. 
Impact Testing. | 
Methods of Testing Electrical Porcelain, 640. 
Ingots. 
Specifications for Aluminum Ingots for Remelting, 160. 
Specifications for Manganese-Bronze Ingots for Sand Castings, 143. 
Specifications for Non-Ferrous Alloys for Railway Equipment in Ingots, Cast- 
ings, and Finished Car and Tender Bearings, 150. 
Insulating Materials. 
Method of Testing Electrical Insulating Materials for Voltage Effects at Radio 
Frequencies, 676. 
Methods of Testing Cable Splicing and Pothead Compounds, 682. 
Methods of Testing Electrical Insulating Materials for Phase Difference (Power 
Factor) and Dielectric Constant at Radio Frequencies, 657. 
Methods of Testing Electrical Porcelain, 640. 
Methods of Testing Insulating Varnishes, 633. 
Methods of Testing Laminated Sheet Insulating Materials, 697. 
Methods of Testing Sheet and Tape Insulating Materials for Dielectric 
Strength, 650. 
Methods of Testing Untreated Insulating Paper, 687. 
Specifications for Insulated Wire and Cable: 30-per-cent Hevea Rubber, 716. 
Specifications for Rubber Insulating Tape, 736. 
Tentative Revision of Standard Methods of Testing Molded Insulating Mate- 
rials, 830. 
Iron. 
Specifications for Aluminum for Use in the Manufacture of Iron and Steel, 165. 
Specifications for Hollow Staybolt Iron, 78. 
Specifications for Hot-Dipped Galvanized Sheets, 81. 
Tentative Revision of Standard Specifications for Lap-Welded and Seamless 
Steel and Lap-Welded Iron Boiler Tubes, 814. 
Tentative Revision of Standard Specifications for Staybolt, Engine-Bolt and 
Extra-Refined Wrought-Iron Bars, 815. 
Tentative Revision of Standard Specifications for Welded Wrought Iron Pipe, 
815. 
Iron Hydroxide. 
Specifications for Iron Oxide and Iron Hydroxide, 284. 
Iron Oxide. 
Specifications for Iron Oxide and Iron Hydroxide, 284. 


K 
Kerosine. 
Method of Test for Burning Quality of Kerosine Oils, 377. 
Method of Test for Burning Quality of Long-Time Burning Oil for Railway 
Use, 383. 
Method of Test for Distillation of Gasoline, Naphtha, Ketone and Similar 
Petroleum Products, 325. 
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Knit Goods. 

Specifications for Tolerances and Test Methods for Knit Goods, 752. 
Lampblack. 

Specifications for Lampblack, 288. 


L 


Lime. 
Definitions of Terms Relating to Lime, 254. 
Methods of Chemical Analysis of Limestone, Quicklime and Hydrated Lime, 233. 
Methods of Sampling, Inspection, Packing and Marking of Quicklime and Lime 
Products, 246. . 
Preparation of lime putty, Specifications for Quicklime for Structural Purposes, 
198, 
Specifications for Hydrated Lime for the Manufacture of Varnish, 203. 
Specifications for Hydrated Lime for Use in Water Treatment, 207. 
Specifications for Quicklime for Structural Purposes, 198. 
Specifications for Quicklime for Use in the Manufacture of Sulfite Pulp, 201. 
Specifications for Quicklime for Use in Water Treatment, 205. 
Tentative Revision of Standard Specifications for Hydrated Lime for Struc- 
tural Purposes, 825. 
Linseed Oil. . 
Methods of Routine Analysis of White Linseed Oil Paints, 304. 
Specifications for Foots Permissible in Properly Clarified Pure Raw Linseed Oil 
from North American Seed, 279. 
Specifications for Purity of Boiled Linseed Oil from South American Seed, 281. 
Specifications for Purity of Raw Linseed Oil from South American Seed, 280. 
Lithopone. . 
Specifications for Lithopone, 286. 
Lubricants. 
Method of Analysis of Grease, 343. 
Method of Test for Carbon Residue of Lubricants, 409. 
Method of Test for Color of Lubricating Oils by Means of Union Colorimeter, 
364. 
Method of Test for Color of Petrolatum by Means of the Union Colorimeter, 369. 
Method of Test for Neutralization Number of Petroleum Products and Lubri- 
cants, 406. 
Method of Test for Penetration of Greases, 352. 
Method of Test for Precipitation Number of Lubricating Oils, 395. 
Method of Test for Steam Emulsion of Lubricating Oils, 398. 
Methods of Test for Viscosity of Petroleum Products and Lubricants, 358. 
Mi 
Macadam. 
Specifications for Asphalt Cement, 60 to 70 Penetration, for Use in Sheet Asphalt, 
Asphaltic Concrete, and Asphalt Macadam Pavements, 460. 
Specifications for Asphalt Cement, 85 to 100 Penetration, for Use in Asphalt 
Macadam Pavements, 461. 
Specifications for Asphalt Cement, 100 to 120 Penetration, for Use in Asphalt 
Macadam Pavements, 462. 
Specifications for Asphalt Cement, 120 to 150 Penetration, for Use in Asphalt 
Macadam Pavements, 463. 


864 INDEX OF THE TENTATIVE STANDARDS 


Macadam (Continued): . 
Specifications for Broken Slag for Bituminous Macadam Base, 440. 
Specifications for Broken Slag for Bituminous Macadam Wearing Course, 443. 
Specifications for Broken Stone for Bituminous Macadam, 434. 

Specifications for Broken Stone for Waterbound Macadam Surface Course, 432. 

Malleable Castings. 

Tentative Revision of Standard Specifications for Malleable Castings, 815. 


Manganese Bronze. 
Specifications for Manganese-Bronze Ingots for Sand Castings, 143. 
Specifications for Manganese-Bronze Sand Castings, 145. 


Mastic. 
Methods of Testing Bituminous Mastics, Grouts and Like Mixtures, 622. 
Specifications for Acid-Resisting Asphalt Mastic, 595. 
Mechanical Analysis. 
List of points to be considered in drawing up specifications for a sieving test, 
Specifications for Sieves for Testing Rurposes, 769. 
Method of Mechanical Analysis of Subgrade Soils, 490. 
Method of Test for Coarse Particles in Paint Pigments, 302. 
Method of Test for Fineness of Powdered Coal, 507. 
Specifications for Sieves for Testing Purposes, 766. 


Melting Point. 
Method of Test for Melting Point of Petrolatum, 341. 


Metallography. 
Recommended Practice for Thermal Analysis of Steel, 809. 


Modulus of Elasticity. 
Methods of Flexure Testing of Slate (Determination of Modulus of Rupture and 
Modulus of Elasticity), 592. 


Modulus of Rupture. 
Methods of Flexure Testing of Slate (Determination of Modulus of Rupture and 
Modulus of Elasticity), 592. 
Moisture Equivalent. 
Method of Test for the Determination of the Moisture Equivalent of Subgrade 
Soils in the Field, 493. 
Mortar. 
Specifications and Tests for Compressive Strength of Portland-Cement Mortars, 
193. 
Muntz Metal. 
Specifications for Muntz Metal Condenser Tube Plates, 148. 


N 
Naphtha. 
Method of Test for Distillation of Gasoline, Naphtha, Kerosine, and Similar 
Petroleum Products, 325. 
Method of Test for Sulfur in Naphthas and Illuminating Oils, 387. 
Natural Gas Gasoline. 
Method of Test for Distillation of Natural Gas Gasoline, 333. 
Neutralization Number. 
Method of Test for Neutralization Number of Petroleum Products and Lubri- 
cants, 406. 
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O 
Oil. 

Method of Test for Burning Quality of Kerosine Oils, 377. 

Method of Test for Burning Quality of Long-Time Burning Oil for Railway 
Use, 383. 

Method of Test for Cloud and Pour Points of Petroleum Products, 412. 

Method of Test for Coke Residue of Creosote Oil, 584. 

Method of Test for Color of Lubricating Oils by Means of Union Colorimeter, 
364. 

Method of Test for Color of Refined Petroleum Oil by Means of Saybolt Chro- 
mometer, 374. 

Method of Test for Precipitation Number of pease Oils, 395. 

Method of Test for Saponification Number, 403. 

Method of Test for Specific Gravity of Road Oils, Road Tars, Asphalt Cements 
and Soft Tar Pitches, 482. 

Method of Test for Steam Emulsion of Lubricating Oils, 398. 

Method of Test for Sulfur in Naphthas and Illuminating Oils, 387. 

Method of Test for Sulfur in Petroleum Oils Heavier than Illuminating Oil, 391. 

Methods of Testing Gas Oils (Gravity, Distillation, Sulfur, Carbon Residue, 
Pour Point, Viscosity, Water), 419. 

Specifications for Foots Permissible in Properly Clarified Pure Raw Linseed Oil 
from North American Seed, 279. s 

Specifications for Purity of Boiled Linseed Oil from South American Seed, 281. 

Specifications for Purity of Raw Linseed Oil from South American Seed, 280. 

Specifications for Raw Tung Oil, 266. 

Specifications for Soya Bean Oil, Raw or Refined, 274. 


P 
Paint. 
Methods of Routine Analysis of White Linseed Oil Paints, 304. 
Tentative Revision of Standard Definitions of Terms Relating to Paint Speci- 
fications, 835. 
Paint Vehicles. 
Specifications for Foots Permissible in Properly Clarified Pure Raw Linseed Oil 
_ from North American Seed, 279. 
Specifications for Purity of Boiled Linseed Oil from South American Seed, 281. 
Specifications for Purity of Raw Linseed Oil from South American Seed, 280. 
Specifications for Raw Tung Oil, 266. 
Specifications for Soya Bean Oil, Raw or Refined, 274. 
Paper. 
Methods of Testing Untreated Insulating Paper, 687. 
Specifications for Quicklime for Use in the Manufacture of Sulfite Pulp, 201. 
Paving Brick. 
Tentative Revision of Standard Specifications for Paving Brick, 825. 
Penetration. 
Method of Test for Penetration of Greases, 352. 
Petrolatum. 
Method of Test for Color of Petrolatum by Means of the Union Colorimeter, 369. 
Method of Test for Melting Point of Petrolatum, 341. 
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Petroleum Products. 
Method of Test for Cloud and Pour Points of Petroleum Products, 412. 
Method of Test for Color of Refined Petroleum Oil by Means of Saybolt Chro- 
mometer, 374. ‘ 
Method of Test for Distillation of Gasoline, Naphtha, Kerosine, and Similar 
Petroleum Products, 325. 
Method of Test for Neutralization Number of Petroleum Products and Lubri- 
cants, 406. 
Method of Test for Saponification Number, 403. 
Method of Test for Sulfur in Petroleum Oils Heavier than Illuminating Oil, 391. 
Methods of Test for Viscosity of Petroleum Products and Lubricants, 358. 
Phase Difference. 
Methods of Testing Electrical Insulating Materials for Phase Difference (Power 
Factor) and Dielectric Constant at Radio Frequencies, 657. 


Phosphor Bronze. 
Specifications for Non-Ferrous Alloys for Railway Equipment in Ingots, Cast- 
ings, and Finished Car and Tender Bearings, 150. 


Phosphorus. 
Specifications for Phosphor Copper, 124. 
Specifications for Phosphor Tin, 122. 


Pigments. 
Method of Test for Coarse Particles in Paint Pigments, 302. 
' Specifications for Bone Black, 290. 
Specifications for Chrome Yellow, 292. 
Specifications for Iron Oxide and Iron Hydroxide, 284. 
Specifications for Lampblack, 288. 
Specifications for Lithopone, 286. ° 
Specifications for Pure Chrome Green, 294. 
Specifications for Reduced Chrome Green, 296. 
Pipe. 
Specifications for Required Safe Crushing Strengths of Sewer Pipe to Carry 
Loads from Ditch Filling, 196. 
Tentative Revision of Standard Specifications for Cement-Concrete Sewer 
Pipe, $22. 
Tentative Revision of Standard Specifications for Welded and Seamless Steel 
Pipe, 814. . 
Tentative Revision of Standard Specifications for Welded Wrought-Iron Pipe, 
$15. 
Pitch. 
Method of Test for Specific Gravity of Asphalts and Tar Pitches Sufficiently 
Solid to be Handled in Fragments, 485. 
Method of Test for Specific Gravity of Road Oils, Road Tars, Asphalt Cements 
and Soft Tar Pitches, 482. 
Specifications for Coal-Tar Pitch for Stone Block Filler, 480. 


Porcelain. 
Methods of Testing Electrical Porcelain, 640. 


{ 


Pothead Compounds. 
Methods of Testing Cable Splicing and Pothead Compounds, 682. 
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Pour Point. | 
Method of Test for Cloud and Pour Points of Petroleum Products, 412. 


Power Factor. 
Method of Testing Electrical Insulating Materials for Phase Difference (Power 
Factor) and Dielectric Constant at Radio Frequencies, 657. 


Precipitation Number. 
Method of Test for Precipitation Number of Lubricating Oils, 395. 


Pure Chrome Green. 
Specifications for Pure Chrome Green, 294. 


Q 
Quicklime. 
See Lime. 


R 
Radio Frequencies. 
Method of Testing Electrical Insulating Materials for Voltage Effects at Radio 
Frequencies, 676. 
Methods of Testing Electrical Insulating Materials for Phase Difference (Power 
Factor) and Dielectric Constant at Radio Frequencies, 657. 


Reduced Chrome Green. 
Specifications for Reduced Chrome Green, 296. 


Refractories. 
Method of Test for Resistance of Fire-Clay Brick to Spalling Action, 250. 


Reinforced Concrete. 
Rules for Inspection of Concrete and Reinforced Concrete Work, 258. 
Specifications for Cold-Drawn Steel Wire for Concrete Reinforcement, 45. 


- Reinforcing. | 
Specifications for Cold-Drawn Steel Wire for Concrete Reinforcement, 45. 


Road Materials. 

Method of Decantation Test for Sand and Other Fine Aggregates, 489. 

Method of Mechanical Analysis of Subgrade Soils, 490. 

Method of Float Test for Bituminous Materials, 503. 

Method of Test for Consistency of Portland-Cement Concrete, 494. 

Method of Test for Ductility of Bituminous Materials, 501. 

Method of Test for Quantity of Clay in Sand-Clay, Topsoil and Semi-Gravel 
for Highway Construction, 487. 

Method of Test for Specific Gravity of Asphalts and Tar Pitches Sufficiently ~ 
Solid to be Handled in Fragments, 485. 

Method of Test for Specific Gravity of Road Oils, Road Tars, Asphalt Cements 
and Soft Tar Pitches, 482. 

Method of Test for the Determination of Bitumen, 496. 

Methods of Test for the Determination of Mositure Equivalent of Subgrade 
Soils in the Field, 493. 

Method of Test for the Determination of Proportion of Bitumen Soluble in 
Carbon Tetrachloride, 499. 

Specifications for Asphalt Cement, 10 to 15 Penetration, for the Manufacture of 
Asphalt Block, 452. 
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Road Materials (Continued): 


Specifications for Asphalt Cement, 15 to 25 Penetration, for the Manufacture 
of Asphalt Block, 453. 

Specifications for Asphalt Cement, 25 to 30 Penetration, for Use in Sheet Asphalt 
and Asphaltic Concrete Pavements, 454. 

Specifications for Asphalt Cement, 30 to 40 Penetration, for Use in Sheet Asphalt 
and Asphaltic Concrete Pavements, 456. 

Specifications for Asphalt Cement, 40 to 50 Penetration, for Use in Sheet Asphalt 
and Asphaltic Concrete Pavements, 458. 

Specifications for Asphalt Cement, 50 to 60 Penetration, for Use in Sheet Asphalt 
and Asphaltic Concrete Pavements, 459. 

Specifications for Asphalt Cement, 60 to 70 Penetration, for Use in Sheet Asphalt, 
Asphaltic Concrete, and Asphalt Macadam Pavements, 460. 

Specifications for Asphalt Cement, 85 to 100 Penetration, for Usein Asphalt 
Macadam Pavements, 461. 

Specifications for Asphalt Cement, 100 to 120 Penetration, for Use in Asphalt 
Macadam Pavements, 462. 

Specifications for Asphalt Cement, 120 to 150 Penetration, for Use in Asphalt 
Macadam Pavements, 463. 

Specifications for Broken Slag for Bitunimous Concrete Base, 442. 

Specifications for Broken Slag for Bituminous Concrete (Coarse-Graded 
Aggregate Type), 445. 

Specifications for Broken Slag for Bituminous Concrete (Fine-Graded Aggre- 
gate Type), 447. 

Specifications for Broken Slag for Bituminous Macadam Base, 440. 

Specifications for Broken Slag for Bituminous Macadam Wearing Course, 443. 

Specifications for Broken Stone for Bituminous Concrete Base, 436. 

Specifications for Broken Stone for Bituminous Concrete Surface, 438. 

Specifications for Broken Stone for Bituminous Macadam, 434. 

Specifications for Broken Stone for Waterbound Base, 430. 

Specifications for Broken Stone for Waterbound Macadam Surface Course, 432. 

Specifications for Calcium Chloride for Dust Prevention, 450. 

Specifications for Coal-Tar Pitch for Stone Block Filler, 480. 

Specifications for Commercial Sizes of Broken Stone and Broken Slag for High- 
way Construction, 425. 

Specifications for Commercial Sizes of Sand and Gravel for Highway Construc- 
tion, 428. 

Specifications for High-Carbon Tar Cement, 476. 

Specifications for High-Carbon Tar Cement for Use Cold in Repair Work (Cut- 
Back Product), 468. 

Specifications for High-Carbon Tar for Surface Treatment, Cold Application, 
464. 

Specifications for High-Carbon Tar for Surface Treatment, Hot Application, 
472. 

Specifications for Low-Carbon ayo Cement, 478. 

Specifications for Low-Carbon Tar Cement for Use Cold in Repair Work (Cut- 
Back Product), 470. 

Specifications for Low-Carbon Tar for Surface Treatment, Cold Application, 466. 

Specifications for Low-Carbon Tar for Surface Treatment, Hot Application, 474. 

Specifications for Natural or Artificial Sand-Clay Mixtures for Road Surfac- 
ing, 449. 
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Road Materials (Continued): 

Specifications for Sand for Sheet Asphalt and Bituminous Concrete Pave- 
ments, 448. 

Tentative Revision of Standard Method of Test for Distillation of Bituminous 
Materials Suitable for Road Treatment, 829. ; 

Tentative Revision of Standard Specifications for Broken Slag for Waterbound 
Base and Wearing Course, 828. 

Tentative Revision of Standard Specifications for Shovel-Run or Crusher-Run 
Broken Slag for Waterbound Base, 828. 


Rods, 
Specifications for Hot-Rolled Copper Rods for Wire Drawing, 141. 


~ Roll-Roofing. 

Specifications for Slate-Surfaced Asphalt Roll-Roofing and Slate-Surfaced 
Asphalt Shingles, 601. . 

Methods of Testing Smooth-Surfaced Asphalt Roll-Roofing, Slate-Surfaced 
Asphalt Roll-Roofing and Slate-Surfaced Asphalt Shingles, 628. 

Specifications for Smooth-Surfaced Asphalt Roll-Roofing, 597. 


Roofing. 

Methods of Testing Felted and Woven Fabrics Saturated with Bituminous 
Substances for Use in Waterproofing and Roofing, 612. 

Methods of Testing Smooth-Surfaced Asphalt Roll-Roofing, Slate-Surfaced 
Asphalt Roll-Roofing and Slate-Surfaced Asphalt Shingles, 628. 

Specifications for Asphalt-Saturated Roofing Felt for Use in Waterproofing and 
in Constructing Built-Up Roofs, 606. 

Specifications for Coal-Tar Saturated Roofing Felt for Use in Waterproofing and 
in Constructing Built-Up Roofs, 609. 

Specifications for Slate-Surfaced Asphalt Roll-Roofing and Slate-Surfaced 
Asphalt Shingles, 601. 

Specifications for Smooth-Surfaced Asphalt Roll-Roofing, 597. 


Rubber Products. 
Specifications for Insulated Wire and Cable: 30-per-cent Hevea Rubber, 716. 
Specifications for Rubber Insulating Tape, 736. 
Specifications for Steam Hose, 732. 


Ss 
Sand. 

Definition of the Term Sand, 257. 

Method of Decantation Test for Sand and Other Fine Aggregates, 489. 

Method of Test for Quantity of Clay in Sand-Clay, Topsoil and Semi-Gravel 
for Highway Construction, 487. 

Specifications for Commercial Sizes of Sand and Gravel for Highway Con- 
struction, 428. 

Specifications for Natural or Artificial Sand-Clay Mixtures for Road Surfac- 
ing, 449, 

Specifications for Sand for Sheet Asphalt and Bituminous Concrete Pave- 
ments, 448. 


Saponification Number. 
Method of Test for Saponification Number, 403. 
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Scoured Content. 
Methods of Testing Grease Wool and Allied Fibers for Scoured Content, 759. 


Screen. 
Definition of the Term Screen (Sieve), 808. 
Specifications for Non-Ferrous Insect Screen Cloth, 168. 
Specifications for Sieves for Testing Purposes, 766. 


Sewer Pipe. 
Specifications for Required Safe Crushing Strengths of Sewer Pipe to Carry 
Loads from Ditch Filling, 196. 
Tentative Revision of Standard Specifications for Cement-Concrete Sewer 
Pipe, 822. 
Sheet. 
Methods of Testing Laminated Sheet Insulating Materials, 697. 
Methods of Testing Sheet and Tape Insulating Materials for Dielectric 
Strength, 650. | 
Specifications for Aluminum Sheet, 162. 
Specifications for Hot-Dipped Galvanized Sheets, 81. 
Tentative Revision of Standard Specifications for High Sheet Brass, 821. 


Shellac. 
Methods of Testing Shellac Varnish, 298. 
Specifications for Dry Bleached Shellac, 282. 
Tentative Revision of Standard Methods of Testing Shellac, 725. 


Shingles. 
Specifications for Slate-Surfaced Asphalt Roll-Roofing and Slate-Surfaced 
Asphalt Shingles, 601. 
Methods of Testing Smooth-Surfaced Asphalt Roll-Roofing, Slate-Surfaced 
Asphalt_Roll-Roofing and Slate-Surfaced Asphalt Shingles, 628. 


Shipping Containers. 
Specifications for Canned Foods Boxes, Wirebound Construction, 702. 
General Specifications for 4-One Boxes and Similar Type Boxes, 711. 
General Specifications for Wooden Boxes, Nailed and Lock-Corner Construe- 
tion, 704. 
Specifications for Wooden Boxes, Nailed and Lock-Corner Construction, for 
the Shipment of Canned Foods, 701. 
Sieve. . 
Definition of the Term Screen (Sieve), 808. 
Specifications for Sieves for Testing Purposes, 766. 
Silicon. 
Specifications for Ferro-Silicon, 75. 
Specifications for Silicon Copper, 126, 
. Specifications for Structural Silicon Steel, 58. 
Slag. 
Specifications for Broken Slag for Bituminous Concrete Base, 442. 
Specifications for Broken Slag for Bituminous Concrete (Coarse-Graded Aggre- 
gate Type), 445. 
Specifications for Broken Slag for Bituminous Concrete (Fine-Graded Aggregate 
Type), 447. 
Specifications for Broken Slag for Bituminous Macadam Base, 440. 
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Slag (Continued): 
Specifications for Broken Slag for Bituminous Macadam Wearing Course, 443. 
Specifications for Commercial Sizes of Broken Stone and Broken Slag for High- 
way Construction, 425. 
Tentative Revision of Standard Specifications for Broken Slag for Waterbound 
Base and Wearing Course, 828. 
Tentative Revision of Standard Specifications for Shovel-Run or Crusher-Run 
Broken Slag for Waterbound Base, 828. 
Slate. 
Methods of Flexure Testing of Slate (Determination of Modulus of Rupture and 
Modulus of Elasticity), 592. 
Method of Test for Water Absorption of Slate, 590. 


Slump Test. 
Method of Test for Consistency of Portland-Cement Concrete, 494, 
Soil. . 
Method of Mechanical Analysis of Subgrade Soils, 490. 
Method of Test for Quantity of Clay in Sand-Clay, Topsoil and Semi-Gravel 
for Highway Construction, 487. 
Method of Test for the Determination of the Moisture Equivalent of Subgrade 
Soils in the Field, 493. 


Soya Bean Oil. 
Specifications for Soya Bean Oil, Raw or Refined, 274. 
Spalling. 
Method of Test for Resistance of Fire-Clay Brick to Spalling Action, 250. 
Specific Gravity. 
Definitions of Terms Relating to Specific Gravity, 806. 
Method of Test for Specific Gravity of Asphalts and Tar Pitches Sufficiently 
Solid to be Handled in Fragments, 485. 
Method of Test for Specific Gravity of Road Oils, Road Tars, Asphalt Cements 
and Soft Tar Pitches, 482. 
Spiegeleisen. 
Specifications for Spiegeleisen, 73. 
Staybolts. 
Specifications for Hollow Staybolt Iron, 78. 
Tentative Revision of Standard Specifications for Staybolt, Engine-Bolt and 
Extra-Refined Wrought-Iron Bars, 815. 
Steel. 
Recommended Practice for Carburizing and Heat-Treatment of Carburized 
Objects, 116. 
Recommended Practice for Thermal Analysis of Steel, 809. 
Specifications for Aluminum for Use in the Manufacture of Iron and Steel, 165. 
Specifications for Carbon-Steel Car and Tender Axles, 53. 
Specifications for Carbon-Steel Castings for Railroads, 47. 
Specifications for Carbon-Steel Castings for Valves, Flanges, and Fittings for 
High-Temperature Service, 63. 
Specifications for Carbon Tool Steel, 19. 
Specifications for Cold-Drawn Steel Wire for Concrete Reinforcement, 45. 
Specifications for Electric Cast-Steel Anchor Chain, 32. 
Specifications for High-Speed Tool Steel, 25. 
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Steel (Continued): 

Specifications for Hot-Dipped Galvanized Sheets, 81. 

Specifications for Low-Carbon-Steel Track Bolts, 29. 

Specifications for Steel Plates of Flange Quality for Forge Welding, 41. 

Specifications for Steel Plates of Structural Quality for Forge Welding, 36. _ 

Specifications for Steel Tie Plates, 15. 

Specifications for Structural Silicon Steel, 58. 

Tentative Revision of Standard Recommended Practice for Heat Treatment of 
Case-Hardened Carbon-Steel Objects, 816. 

Tentative Revision of Standard Specifications tor Carbon-Steel and Alloy-Steel 
Forgings, 813. 

Tentative Revision of Standard Specifications for Carbon-Steel Car and Tender 
Axles, 814. 

Tentative Revision of Standard Specifications for Carbon-Steel Forgings for 
Locomotives, 813. 

Tentative Revision of Standard Specifications for Lap-Welded and Seamless 
Steel and Lap-Welded Iron Boiler Tubes, 814. 

Tentative Revision of Standard Specifications for Quenched-and-Tempered 
Alloy-Steel Axles, Shafts and Other Forgings for Iocomotives and Cars, 813. 

Tentative Revision of Standard Specifications for Quenched-and-Tempered 
Carbon-Steel Axles, Shafts and Other Forgings for Locomotives and Cars, 813. 

Tentative Revision of Standard Specifications for Welded and Seamless Steel 
Pipe, 814. 


Stone. 
Specifications for Broken Stone for Bituminous Concrete Base, 436. 
Specifications for Broken Stone for Bituminous Concrete Surface, 438. 
Specifications for Broken Stone for Bituminous Macadam, 434. 
Specifications for Broken Stone for Waterbound Base, 430. 
Specifications for Broken Stone for Waterbound Macadam Surface Course, 432. 
Specifications for Coal-Tar Pitch for Stone Block Filler, 480. 
Specifications for Commercial Sizes of Broken Stone and Broken Slag for High- 

way Construction, 425. 


Subgrade. 
Method of Mechanical Analysis of Subgrade Soils, 490. 
Method of Test for the Determination of the Moisture Equivalent of Subgrade 
Soils in the Field, 493. 


Sulfur. 
Method of Test for Detection of Free Sulfur and Corrosive Sulfur Compounds 
in Gasoline, 394. 
Method of Test for Sulfur in Naphthas and Illuminating Oils, 387, 
Method of Test for Sulfur in Petroleum Oils Heavier than Illuminating Oil, 391. 


7 


Tape. 
Methods of Testing Sheet and Tape Insulating Materials for Dielectric Strength, 
650, . 
Specifications for Insulated Wire and Cable: 30-per-cent Hevea Rubber, 716, 
Specifications for Rubber Insulating Tape, 736. 
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Tar. 

Method of Float Test for Bituminous Materials, 503. 

Method of Test for Specific Gravity of Asphalts and Tar Pitches Sufficiently 
Solid to be Handled in Fragments, 485. 

Method of Test for Specific Gravity of Road Oils, Road Tars, Asphalt @ements 
and Soft Tar Pitches, 482. 

Specifications for Coal-Tar Pitch for Stone Block Filler, 480. 

Specifications for Coal-Tar Saturated Roofing Felt for Use in Waterproofing and 
in Constructing Built-Up Roofs, 609. 

Specifications for High-Carbon Tar Cement, 476. 

Specifications for High-Carbon Tar Cement for Use Cold in Repair Work (Cut- 
Back Product), 468. 

Specifications for High-Carbon Tar for Surface Treatment, Cold Application, 
464, 

Specifications for High-Carbon Tar for Surface Treatment, Hot Application, 472. 

Specifications for Low-Carbon Tar Cement, 478. 

Specifications for Low-Carbon Tar Cement for Use Cold in Repair Work (Cut- 
Back Product), 470. 

Specifications for Low-Carbon Tar for Surface Treatment, Cold Application, 
466. 

Specifications for Low-Carbon Tar for Surface Treatment, Hot Application, 474. 


Tension Testing. 
Methods of Tension Testing of Metallic Materials, 770. 
Specifications for Textile Testing Machines, 739. 


Testing Machines. 
Methods of Verification of Testing Machines by Means of an Elastic Calibra- 
tion Bar, 795. 
Specifications for Textile Testing Machines, 739. 


- Testing, Methods of. 
Definitions of Terms Relating to Methods of Testing, 798. 


Textile Materials. 
Definitions of Terms Relating to Textile Materials, 763. 
Methods of Testing Cotton Fibers, 756. 
Methods of Testing Felted and Woven Fabrics Saturated with Bituminous 
Substances for Use in Waterproofing and Roofing, 612. 
Methods of Testing Grease Wool and Allied Fiber for Scoured Content, 759. 
Specifications for Textile Testing Machines, 739. 
Specifications for Tolerances for Numbered Cotton Duck, 750. 
Specifications for Tolerances and Test Methods for Cotton Sewing Threads, 747. 
Specifications for Tolerances and Test Methods for Cotton Yarns, Single and 
Plied, 741. 
Specifications for Tolerances and Test Methods for Knit Goods, 752. 
Thermal Analysis. 
Recommended Practice for Thermal Analysis of Steel, 809. 
Thermometers. 
Specifications for cloud and pour test thermometer, Method of Test for Cloud 
and Pour Points of Petroleum Products, 412. 
Specifications for high-distillation thermometer, Method of Test for Distillation 
of Gasoline, Naphtha, Kerosine, and Similar Petroleum Products, 329. 
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Thermometers (Continued): 


Specifications for low cloud and pour test thermometer, Method of Test for 
Cloud and Pour Points of Petroleum Products, 413. 

Specifications for low-distillation thermometer, Method of Test for Distillation 
of Gasoline, Naphtha, Kerosine, and Similar Petroleum Products, 328; also, 
Method of Test for Distillation of Natural Gas Gasoline, 336. 

Specifications for low-softening point thermometer, Method of Float Test for 
Bituminous Materials, 503. 

Specifications for thermometers used in viscosity tests, Methods of Test for 

Viscosity of Petroleum Products and Lubricants, 360. 

Threads: +! 

Specifications for Tolerances and Test Methods for Cotton Sewing Threads, 747. 

Tie Plates. 

Specifications for Steel Tie Plates, 15. 

Tile. 

Specifications and Tests for Hollow Burned-Clay Fireproofing, Partition and 
Furring Tile, 223. 

Specifications and Tests for Hollow Burned-Clay Floor Tile, 228. 

Specifications and Tests for Hollow Burned-Clay Load-Bearing Wall Tile, 217. 


Timber. 
See also Shipping Containers. 
Methods of Conducting Static Tests of Timbers in Structural Sizes, 565. 
Methods of Testing Small Clear Specimens of Timber, 528. 
Specifications for Structural Douglas Fir, 517. 
Working stresses for Douglas Fir, Specifications for Structural Douglas Fir, 525. 


Timber Preservatives. 
Method of Test for Coke Residue of Creosote Oil, 584. 
Methods of Chemical Analysis of Zinc Chloride, 586. 
Tin. 
Specifications for Phosphor Tin, 122. 


Tool Steel. 
Specifications for Carbon Tool Steel, 19, 
Specifications for High-Speed Tool Steel, 25. 
Topsoil. 
Method of Test for Quantity of Clay in Sand-Clay, Topsoil and Semi-Gravel 
for Highway Construction, 487. 
Track Bolts. 
Specifications for Low-Carbon-Steel Track Bolts, 29. 
Trolley Wire. 
Tentative Revision of Standard Specifications for High-Strength Bronze Trolley 
Wire, Round and Grooved, 40 and 65-per-cent Conductivity, 820. 
Tubes. 
Specifications for Muntz Metal Condenser Tube Plates, 148. 
Tentative Revision of Standard Specifications for Lap-Welded and Seamless 
Steel and Lap-Welded Iron Boiler Tubes, 814, 
Tentative Revision of Standard Specifications for Seamless Admiralty Condenser 
Tubes and Ferrule Stock, 820. 
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Tung Oil. 
Specifications for Raw Tung Oil, 266. 


Tungsten. 
Specifications for Tungsten Powder, 72. 


Turpentine. 
Tentative Revision of Standard Specitications for Turpentine, 827. 


V 
Valves. 


Specifications for Carbon-Steel Castings for Valves, Flanges, and Fittings for 
' High-Temperature Service, 63. 


Varnish. 
Methods of Testing Insulating Varnishes, 633. , 
Methods of Testing Shellac Varnish, 298. 
Specifications for Hydrated Lime for the Manufacture of Varnish, 203. 


Viscosity. 
Methods of Test for Viscosity of Petroleum Products and Lubricants, 358. 
Methods of Testing Gas Oils (Gravity, Distillation, Sulfur, Carbon Residue, 
Pour Point, Viscosity, Water), 419. 


Voltage Effects. 


Method of Testing Electrical Insulating Materials for Voltage Effects at Radio 
Frequencies, 676, 


Ww 


Water Treatment. 


Specifications for Hydrated Lime for Use in Water Treatment, 207, 
Specifications for Quicklime for Use in Water Treatment, 205. 


Waterproofing. 


Methods of Testing Bituminous Mastics, Grouts and Like Mixtures, 622. 

Methods of Testing Felted and Woven Fabrics Saturated with Bituminous 
Substances for Use in Waterproofing and Roofing, 612. 

Methods of Testing Smooth-Surfaced Asphalt Roll-Roofing, Slate-Surfaced 
Asphalt Roll-Roofing and Slate-Surfaced Asphalt Shingles, 628. 

Specifications for Acid-Resisting Asphalt Mastic, 595. 

Specifications for Asphalt-Saturated Roofing Felt for Use in Waterproofing and 
in Constructing Built-Up Roofs, 606. 

Specifications for Coal-Tar Saturated Roofing Felt for Use in Waterproofing and 
in Constructing Built-Up Roofs, 609. 

Specifications for Slate-Surfaced Asphalt Roll-Roofing and Slate-Surfaced 
Asphalt Shingles, 601. 

Specifications for Smooth-Surfaced Asphalt Roll-Roofing, 597. 


Welding. 


Specifications for Steel Plates of Flange Quality for Forge Welding, 41. 
Specifications for Steel Plates of Structural Quality for Forge Welding, 36. 
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White Metal. 
Composition and physical properties of white metal bearing alloys, Tentative 
Specifications for White Metal Bearing Alloys, 155. 
Specifications for White Metal Bearing Alloys (known commercially as 
‘‘Babbitt Metal’’), 155. 
Wire. 
Specifications for Bronze Trolley Wire, 132. 
Specifications for Cold-Drawn Steel Wire for Concrete Reinforcement, 45. 
Specifications for Hot-Rolled Copper Rods for Wire Drawing, 141. 
Specifications for Insulated Wire and Cable: 30-per-cent Hevea Rubber, 716. 
Specifications for Non-Ferrous Insect Screen Cloth, 168. 
Specifications for Soft Rectangular Copper Wire, 137. 
Tentative Revision of Standard Specifications for Electrolytic Copper Wire 
Bars, Cakes, Slabs, Billets, Ingots, and Ingot Bars, 819. 
Tentative Revision of Standard Specifications for High-Strength Bronze Trolley 
Wire, Round and Grooved, 40 and 65-per-cent Conductivity, 820. 
Tentative Revision of Standard Specifications for Lake Copper Wire Bars, 
Cakes, Slabs, Billets, Ingots, and Ingot Bars, 816. 
Wool. 
Methods of Testing Grease Wool and Allied Fibers for Scoured Content, 759, 
Wrought Iron. 
Specifications for Hollow Staybolt Iron, 78. 
Tentative Revision of Standard Specifications for Lap-Welded and Seamless 
Steel and Lap-Welded Iron Boiler Tubes, 814. ' 
Tentative Revision of Standard Specifications for Staybolt, Engine-Bolt and 
Extra-Refined Wrought-Iron Bars, 815. 
Tentative Revision of Standard Specifications for Welded Wrought-Iron Pipe, 
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Yarns, « 
Specifications for Tolerances and Test Methods for Cotton Yarns, Single and 
Plied, 741. 
Zz 
Zinc. 


Specifications for Hot-Dipped Galvanized Sheets, 81. 


Zinc Chloride. 
Methods of Chemical Analysis of Zinc Chloride, 586. 
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